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MlNUTES OF PROCEEDINGS 

OF 

THE GEOLOGICAL SOCIETY 

OF SOUTH AFRICA. 



1906. 



Annual General Meeting, held in the Council Chamber, 
Charaber o£ Mines, Johannesburg, on Monday, 29th 
January, 1906, at 8 p.m., Dr. F. H. Hatch, President, 
in the Chair. 

The President having announced that the necessary quorum was 
present, the Secretary read the notice convening the meeting, and the 
minutes of the Ninth Annual Meeting, held on 30th January, 1905, were 
read and confirmed. 

The Annual Report was presented, and taken as read. 

Annml liepart of the Cauncil for the Year ended Slst December, 1905. 

MEMBERSHIP. 

During the year under review 11 Members resigned, and 21 were 
removed from the list, in accordance with the rules of the Society. 

The Council regrets to report the decease of two Ordinary Members 
during the past year, namely, Messrs. H. B. Bunkell and W. 0. Jones, and 
of Professor E. Cohen, an Honorary Member of the Society. 

The number of new Members elected who have qualified for Member- 
ship during the year is 48, and the total number of Members now stands at 
277. 

MONTHLT MEETINGS. 

The Monthly Meetings of Members have been held in the Council 
Chamber, Chamber of Mines, and the thanks of the Society are due to the 
Executive of the Chamber for their kindness in allowing the use of this 
room. 

CHANGES IN GOUNCIL. 

Since the last Annual Meeting two vacancies have occurred on the 
Council owing to the resignation of Messrs, G. A. F. Molengraaff and J. 
Dampier Green, and the following were appointed to act in their stead, 
viz., Messrs. H. S. Harger and R. B. Toung. 
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il. •. •/*. PROCEEDINGS OF THE GEOLOaiCAL SOCIETY OF SOUTH AFRICA. 

* • •• 

LIBRART. 

The following donations and exchanges have been rcceived for the 
Library during the past year : — 

Prescnted by D0NATI0N8. 

Bailt, H. A. 

Reports of the Geological Survey of India, 1899-1903; Records of 
the Geological Survey of India, vol. 31, parts 1-4. 

Beckeb, G. F. 

" Scientific Surveys of the Philippine Islands ** ; " Experiments on 
Schistosity of Slaty Cleavage,** by G. F. Becker; " Prescnt 
Problems of Geophysics,*' by G. F. Becker; ** The Witwatersrand 
Banket," by G. F.. Becker; ** Simultaneous Joints," by G. F. 
Becker ; *' A Feature of Mayón Volcano,'* by G. F. Becker ; ** The 
Lincar Force of Growing Crystals." by G. F. Becker and A. L. 
Day; ** An Interesting Pseudosolid," by G. F. Becker and A. L. 
Day; '* The Isomorphism and Thermal Properties of the Feld- 
spars," parts 1 and 2, with an introduction by G. F. Becker. 

Chamber op Mines, Transvaal. 

Fifteenth Annual Report. 

DUNN, E. J. 

" The Mount Morgan Gold Mine, Queensland," by E. J. Dunn. 
Henderson, J. A. L. 

" On a New Occurrence of Apophyllite in South Africa '* ; " Petro- 
graphical and Geological Investigations of Cortain Transvaal 
Norites, Gabbros, and Pyroxenites," both by J. A. L. Henderson. 

Institute of Mining and Metallurgy. 

Transactions of the Institute of Mining and Mctallurgy, vols. 1 to 
14. 

JONES, T. RUPERT. 

** Criticisms on No. 17 Professional Papers issued by U.S. Geo- 
logical Survey " ; '* Criticisms on Memoirs of the Geological Survey 
of India " ; ** A Triassic Estherellia from the Malay Peninsula," 
the above by T. Rupert Jones; " Papers on Age and Locality of the 
Estherellia Shales," by R. Bullen Newton; ** Notes in Geology " 
and ** Review of the John Hopkins Report, 1904, Maryland Geo- 
logical Survey (Miocene), and of Annual Report, vol. xiv., lowa 
Geological Survey," by T. Rupert Jones. 

Marriott, H. F. 

Paper on Deep Borehole Surveyinp, by H. F. Marriott; and dis- 
cussion thereon at Institute of Mining and Metallurgy. 

^Trtf vwiíTTir A T f 

' " Thê Physical History of the Victoria Falls '' by A. J. C. 
Molyneux. 

Rhodesia Chahber of Mines. 

Tenth Annual Report, year ending 31st March, 1905. 

Sacco, F. 

*' Les Formations Ophifëres du Crétacé," by F. Sacco. 

Sandberg, C. G. S. 

** Etudes Géologiques sur le Massif de la Pierre á Voir,*' by C. G. 
S. Sandberg. 

Sawyer, A. R. 

** Account of an Accident which occurred at the Rochebolle Col- 
liery, in the South of France," by A. R. Sawyer; Annual Report 
United BufiFelsdoorn Mines, Ltd., containing Report and Plans 
referred to by Mr. Sawyer in his Presidential Adaress at Annual 
Meeting of the Society held January 31st, 1905; " The Goldfields 
of Mashonaland," hy A. R. Sawyer; ** The Transvaal Conglo- 
merates (1904)," by A. R. Sawyer; *' The South Rand Goldfield, 
Transvaal (1904),'» by A. R. Sawyer. 
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LlBRARY. lU. 

Prescnted by 

SUBSS, E. 

No. 690, 691 and 692 of Journal ** Prometheus,*' coutaíning article 
** Ueber boisso Quellen,*' bv E. Suess; Paper read before the 
Academy of Science, France, entitled ** Sur la nature des 
charriages,'* by E. Suess; Abschieds Vorlesung of E. Suess. 

Tjiustees of the Public Libhaey, Museums, and National Galleby, Victoria, 
N.S.W. 

Catalogue of Current Periodicals received at the Public Library of 
Victoria, 1905. 

United Statbs Coast Survey. 

Terrestrial Magnetism and Atmospheric Electricity, vol. ix., 
No. 4. 

WlLMAN, M. 

** Catalogue of Printed Books, Papers and Maps relating to the 
Geology and Mineralogy of South Africa," by Miss M. Wilman. 



EXCHANOeS. 

America. 
Received from 

Geolooical Institutb of Mexico. 

Transactions, vol. 1, parts 4-7. 

MusBO NacionalEj-Buenos Aires. 

Annales del Museo Nacionale, serie iii., vols. 1-3. 

SCIBNTIFIC SOCIETY OF S. PaULO, BbAZIL. 

Relatorio de Directoria, 1903-4; Revista da Socicdade Scientifica 
de Sao Paulo, No. 1, June, 1905. 

MusBO Nacionale de Montevideo. 

Annals de Museo Nacional, tomo 1 and 2. 

SOCIEDAD ClENTIFICA AnTONIO AlZATE, MeXICO. 

Memoirs, vol. 18, Nos. 6-12; vol. 19, Nos. 6-12; vol 20, Nos. 5-12. 

American Geoqraphical Society. 

BuIIetin, vol. 37, Nos. 1-11, 1905. 

Amerioan Institute of Mining Enginebrs. 

Bi-monthly Bulletin, Nos 1-5, 1905. 

Brooklyn Institutb of Arts and Sciences. 

Cold Spring Harbor Monographs, Nos. 3, 4 and 6; Memoirs of 
Natural Science, vol. 1, Nos. 5 and 6. 

California Academy of Scibncbs. 

Proceedings (Geology), vol. 1, No. 10; vol. 2, No. 1; Memoirs, 
vol. 3; Constitution. 

Geological Survey of New Jersby. 

Report of State Geologist, vol. 5, and Maps. 

Gbological Survey of Omo. 

Topographical Survey of Ohio, 1904 (Preliminary Report); 
Bulletin No. 3, Scries 4, Manufacture of Hydraulic Cements. 

GeoIíOGical Society of America. 
BuIIetin, vol. 16. 

Maryland Geological Survey. 

Miocene. Text and Plates. 

Smithsonian Institute. 

Annual Report, 1902 and 1903. 

Univbrsitad de la Habana. 

Revista de la Facultad de Letras y Ciencias, vol. 1, No. 2. 
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IV. pr(x:bedings of the geological society op south africa. 

R«oeived from 

United Stateb Geolooical Survet. 

Bulletin, Nos. 233-4; Water Supply Papers, Nos. 96-98, 101, 102, 
and 104; Profcssional Papers, Nos. 24-27. 

Unitbd States National Museuk. 

The Mount Vernon Meteorite. 

University op Calipornia. 

Bulletin of the Department of Geology, vol. 3, Nos. 1-22; vol. 4, 
No. 1. 

Asia. 

Geological Survet op Indu. 

Records, vol. 31, part 4; vol. 32, parts 1 and 2; Mcmoirs, Palaconto- 
logia India, vol. 2, No. 2. 

Imperial Universitt, Tokio, Japan. 

The Journal of the College of Science, vol. 20, art. 5. 

Australia. 

Geological Survet op New South Wales. 

Records, vol. 4, part 4; vol. 5, parts 2 and 3; vol. 6, parts 3 and 4; 
vol. 7, parts 1 and 4 ; vol. 8, part 1 ; Miueral Resources of New 
South Wales, Nos. 4, 6, 7, 8, 9 and 10. 

Geolooical Survet op Victoria. 

Records, vol. 1, part 2; Bulletni, Nos. 14-17; Aunual Report of the 
Secretary for Mines and Water Supply, 1904; Memoirs, 1905, 
No. 3. 

Geological Survet op Western Aubtralia. 

Bulletin, No. 2, 1898, to No. 10, 1903, Nos. 14-20, 1904; Annual 
Report Geological Survey of Western Australia, 1904. 

New Zealand Mines Department. 

Report of Minerals and Mining, 1904; Papers and Reports relating 
to Minerals and Mining, 1905. 

Europe. 

ROTAL ACADEMT OP SciENCES, AmSTERDAM. 

Bulletin. Dl. 10, No. 5, 1904; Dl. 12, No. 2, 1905; Proceedings, 
1903, voí. 6 (in two parts) ; 1904, vol. 7 (in two parts). 

Geological Societt op Belgium. 

Transactions, vol. 31, part 4; vol. 32, parts 1-3. 

Geological, Palaeontological and Htdrological Societt op Belgium. 
Transactions, vol. 18, parts 4-7. 

Camdridge Universitt Librart. 

Report of the Library Syndicate for year cnding 31 st December, 
1904. 

Geological Survbt op ëngland and Wales. 

Memoirs, ** Water Supply of Lincolnshire,*' ** The Geology of the 
North StafiFordshire Coal Fields,*' and " Summary of Progress, 
1904.»' 

Geological Societt (London). 

Quarterly Journals, vol. 61, Nos. 241, 242, 243 and 244; Geological 
Literature for year ehding 31st December, 1904 ; List of the Geo- 
logical Society of London, November 15th, 1905. 

Institute op Mining and Metallurgt. 

Advance Proofs of Papers read at Meetings ; Bulletin, Nos. 6-14. 

North op England Institute op Mining and Mechanical Engineers. 

Transactions, vol. 52, part 8 and errata; vol. 53, part 5; vol. 54, 
parts 7 and 8; vol. 55, parts 1-4. 
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LIBRARY. V. 

Received from 

UoTAL Gbographioal Sooibty. 

Journal, vol. 25, Nos. 1-6. 

GkOLOGIBKA CoHMIBSIONEN I FlNLAND. 

Bulletin, No. 16, 1905. 

Gbologioal Society op France. 

Bulletin, 4th series, vol. 4, parts 4 and 5. 

K. K. Geologische Reichsanstalt, Wien. 

Jahrbuch, vol. 53, part 4; vol. 54, parts 1-4. 

KoNiGLiCHE Preusbibohe Gbologische Landbsanstalt und Bergakadbmib. 

Jahrbuch, 1902, vol. 23, part 4; 1903, vol 24, part 3; 1904, vol. 25, 
parts 1-3. 

Petbrmann's Mittbilungen. 

December, 1904, to November, 1905. 

Naturporbohendb Gesellbohaft. 

Berichte der Naturforschenden Gesellschaft, Band 5-14; Berichte 
iiber die Versammlungen des Oberrheinischer Geologischen 
Vereins, April, 1904. 

FONDATION DE P. TbYLER, HaARLEM, HoLLAND. 

Archives du Musee Teyler, series 2, vol. 9, parts 1 and 2. 

R CoMiTATO Geologico D'Italia. 

Bulletin, vol. 35, Nos. 3 and 4; vol. 36, Nos. 1 and 2. 

Geological Society op Italy. 

Bulletin, vol. 23, No. 3; vol. 24, No. 1. 

Africa. 

Chbmical, Metallurgical and Mining Socibty op S.A. 

Journals, December, 1904, to November, 1905. 

COMMISSIONER OP MlNEB, NaTAL. 

Report of Coal-testing Committee, 1904-1905; Report of the 
Government Mining Ëngincer for year 1904. 

Geological Commission op thb Cape op Good Hope. 

Ninth Annual Report, and Index to Annual Reports, 1896-1903. 

Grologioal Survey op the Tranbvaal. 

" The Geology of Pretoria and Nei<rhbourhood, with Map of Pre- 
toria and Environs,'* and *'Report of the Geological Survey, 
1904." 

GOTERNMENT MlNING EnGINEER, TrANBVAAL. 

Report for half-year ending 30th June, 1904. 

Rhodesia Museum. 

Third Annual Report, 1904. 

Rhodbbia Scibntipio Association. 

Proceedings, vol. 4, 1903-1904; vol. 5, 1905; Annual Report for 
year ending 31st Maý, 1905. 

SouTH Aprican Philosophical Society. 

Transactions, vol. 15, parts 3-5; vol. 16, parts 1 and 2. 

SouTH Aprican Absooiation op Engineers. 
Journals, 1905. 

SuRVBY Dbpartmbnt op Egypt. 

The Topography and Geology of the Fayoum Province, Egypt ; The 
Blackened Rocks of the Nile Cataracts. 
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VI. PROCEEDINGS OF THE GEOLOGIOAL SOCIETY OF SOUTH AFRICA. 

The Transactions of the Society are sent in return to tho several 
institutions mentioned above, and also to the foUowing: — 

The Albany Museum, Grahamstown. 

The Congressional Liorary, Washington, U.S.A. 

The Geofógical Survey of Natal and Zululand. 

Museo Michoachano, Morelia, Mexíco. 

New York State Museum. 

State of Missouri Bureau of Geolo(]^y and Mines, U.S.A. 

State of lowa Geological Survey, U.S.A. 

South African Museum. 

South Kensington Museum. 

Bodleian Library, Oxford. 

University of London Library. 

University of Minnesota, U.S.A. 

MUSEUM. 

The Museum Committee report as follows : — During the past year the 
Collections of the Society were removed f rom the premises in which they had 
been exhibited in the building of the General Mining and Finance Corpora- 
tion to a room provided by the courtesy of the Council of the Transvaal 
Technical Institute in their temporary buildings on Plein Square, where 
the Museum has been open to the public. Mr. Max Weber has oontinued in 
the post of Curator during the year, under the control of a Conmíiittee com- 
posed of two representatives each of the Council of the Technical Institute, 
the Johannesburg Museum Committee, and of the Council of this Society. 

The funds necessary to enable the Society to provide acconmiodation 
for the Museum and to pay the Curator's salary have till now been given by 
the Chamber of Mines, and the Council desires to express its gratitude to 
the Executive of the Chamber for such generous assistance. Without the 
Chamber's aid it would have been impossible for the Society to keep the 
Museum open to the public, for up to the present the Government has not 
seen its way to make any grant, either of money or space, for the benefit of 
our Museum. As the cost cannot, however, be an indefinite charge on the 
generosity of the Chamber of Mines, the Council of the Society has to con- 
sider how funds can be secured to afford the public the full advantage of 
the Collections in the future. The monthly grant from the Chamber of 
Mines will, unless renewed, cease at the end of February, 1906. 

The following specimens have been presented to the Museum during 
the year : — 

Prcsentodby 



Diamond Drill Crowns, showing how impediments were removed 
from boreholo, Molly Nigel. 

Breddell, — . 

Carbonaceous Shalc, Carolina. 

BOWKER, J. M. 

Collection of Igneous Rocks from tho neighbourhood of the Premier 
Diamond Mine. 

CULMNAN, T. 

Five Specimens of Blue and Yellow Ground, Premier Diamond 
Mine. 
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MUSEUM. Vll. 

Prosontod by 
CUMMING, Y. 

Pegmatite Veiu iu Felsite, Steenkampsberg 

DlGGBLBN, H. C. VAN. 

Biuo Ground, Pieuaarspoort. 

EliLIOT, — . 

So-called " Rhodesia Bauket/' Rhodosia; Coruudum, Leyd&dorp. 

ËVANS, — . 

Calcitic Rock containing Mercury, Rusteuburg. 

Hatllar, H. F. 

Magnesite, Malelaue; One Crystal of Magnesite, Malelane. 

Hatlbtt, — . 

Amygdaloidal Diabase, Wolmaranstad ; Fliut Pebbles to be used iu 
Tube Mills, AVestern Transvaal. 

Hat, Gbo. A. 

Pyritic Ore. 

Hatch, Db. F. H. 

Carbon Leader, Rietfonteiu '^A'' Miue; Junction of Dolomite and 
Syenite, Grootvlei, Borehole 1, 891 feet; Junction of Dolomite and 
Black Reef, Grootvlei, Borehole 1, 891 feet; Syonite, Grootvlei, 
Borehole 1, 411 feet. 

JOHNSON, J. P. 

** Rhodesia Banket," Eldorado and Sebakwe. 

Krantz, L. 

One Specimen of Serpentine, Dullstroom ; One Specimcn of Pyro- 
morphite, Carolina; One Specimeu of Ëpidotised Diabasc, Lyden- 
burg. 

Leblie, C. D. 

Twenty-four Rock Specimens from the Lebombo Range and the 
Farms Excellence and Parsons. 

Marriott, H. F. 

Collection of Bore Cores aud Specimeus. 

Mblvill, E. H. V. 

Five Specimens of Waterberg Sandstone. 

Mitchbll, A. 

Native Coppcr, Lake Superior, Calumet and Hecla Mine. 

Millb-Davies, J. 

Feisite, with Veins of Fluor Spar, Walmansthal ; Elaeolite Syenite, 
Walmansthal. 

MlDDELBORO. H. 

Óne Large Crystal of Tourmaline, Rustenburg. 

MOLBNGRAAFF, G. A. F. 

CoIIectiou of South African Rocks ; Breccia, Kimberley Shaft, 2,500 
feet. 

POWBR, H. B. 

Bore Core Section of Rhenosterspruit, Boreholes Nos. 1 and 2. 

RONALDSON, J. H. 

Bitumen, Madagascar; Stream Tin, Tasmania; Gem Wash, Ruby 
Hill, New South Wales. 

Stadlbr, H. 

Gypsum Crystals, N'Gobevu. 

Thord-Grat, I. 

Carbonaceous Slate, Pilgrims Rest; Asbestos in Upper Dolomite, 
Pilgrims Rest. 
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Vlll. PROCBEDINGS OF TUE GEOLOGICAL SOCIETY OF SOUTH AFRICA. 

Prosentodby 
Wblls, W. 

Copper Ores, Nondweni. 

Webbr, M. 

Ck>llection of Specimens from the Lower Witwatersrand Beds. 

WlLLIAMS, E. 

Quartz Syenite, East Rand 



NEW PAPERS. 

During the year under review the following papers have been read, 
besides those which come under the heading of "Discussions on Papers 
Read":— 

Anthor. 
Begk, R. 

" On the relation between Ore-Veins and Pegmatites." (Com- 
municated to the Society by F. W, Voit.) 

Uall, A. L. 

" Geological Notes on the Bushveld Tin Fields aud the Surrounding 
Area." 

Uall, A. L., and Steart, F. A. 

** On Folding and Faulting in the Pretoria Series and the Dolo- 
mite." 

Uabger, U. S. 

" The Diamond Pipos and Fissures of South Africa." 

Uatch, F. U., and Corstorphinb, G. S. 
*' The CuUinan Diamond.'' 

Uenderson, J. McClelland. 

*' New Facts Bearing on thc Extension of tho Main Reef East- 
ward.*' 

UOLMES, G. G. 

" The Geology of a Part of the Rustenburg District " ; 

*' The Pretoria Series and Associated Rocks in the Marico 

District." 

JOHNSON, J. P. 

** On the Occurrenco of Palaeolithic Implements in the Krugersdorp 

Valley '* ; 

** Stone Implements from Bulawayo and Victoria Falls"; 

'* Stone Implements from Vlakfontein (155)*'; 

'' Stone Implements from Waterval (417).'^ 

Kynaston, U. 

^* On Certain Rocks Associated with the Norites and Granites of 
the Central Transvaal.'* 

Mellor, E. T. 

** The Sandstones of Buiskop and the Springbok Flats " ; 

" Evidence of Contemporaneous Volcanic Action in the Lower 

Portion of the Waterberg Formation." 

Mennell, F. P. 

" The Banket Formation of Rhodesia." 

Merenskt, U. 

** The Gold Deposits of the Murchison Range in the North-Eastern 
Transvaal." 
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LORD MILNER SOUVËNIR. IX, 

Aut*ior. 
MOLBHGB^Aïï, G. A. F, 

" Note on the Geology of a Portion of the Klerksdorp District, with 

Special Reference to the Development of the Lower Witwatersrand 

Beds and the Vaal River System " ; 

** Note on Some Rock Specimens Exhibited at the Meeting of the 

Geological Society of South Africa in February. 1905"; 

** Prefiminary Note on the Geology of the Pilandsberg and a 

Portion of the Rustenburg District.'* 

RONALDBON, J. H. 

" Notes on the Copper Deposits of Little Namaqualand.'' 

SCHWARZ, E. H. L. 

** The Transvaal Formation in Prieska, Cape Colony.** 

Stephan, M. J. 

" Notes on the Occurrence of Oil in South Africa." 

Thorb-Grat, I. 

" Notes on the Geology of the Lydenburg Goldfields." 

VoiT, F. W. _ ^ 

" Preliminary Notes on * Fundamental Gneiss Formation * in South 

Africa '' ; 

'' Gneiss Formation on the Limpopo,'' 

DRAPER MEDAL. 

In March last Mr. David Draper, an Houorary Member of the Society, 
and one who has been intimately connected with the Society siuce its incep- 
tion, offered a Silver Medal, of the value of £10, to be presented to a 
Member of the Society for the best original paper dealing with some ques- 
tion in South African Geology. Mr. Draper's aim was to induce the 
younger Members of the Society to take up some of the many interesting 
problems still awaiting solution, and one of the conditions attached to the 
competition was that no Member over 33 years of age should be eligible to 
compete. Regulations in conformity with Mr. Draper^s wishes were drawn 
up by the Council, and these were published in the proceedings of the 
Monthly Meeting of the Society held on the lOth April, 1905. (Proceed- 
ings, 1905, p. xxxviii.) 



VISIT OF BRITISH ASSOCIATION. 

The Annual Meeting of the British Association was held in South 
Africa during August and September of the year under review, and the 
Geological Society was represented on the General Reception Committee 
and various Sub-Committees which undertook the necessary arrangements 
for receiving the visitors in Johannesburg and conducting them to 
localities of interest in the neighbourhood of Johannesburg and Pretoria. 



LORD MILNER SOUVENIR. 

In March last the Society participated in a presentation made to 

Lord Milner, immedíately prior to his departure from South Africa, by 

the various Technical Societies of Johannesburg. The presentation took 
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the form of a cabinet containing specimens iUustrating the yarious stages 
of the process for the extraction of gold f rom the Main lieef, and an album 
containing photographs of local interest. 

FINANCE. 

Ab may be seen from the accompanying statement of accounts, the 
Society is in a satisfactory fínancial position. 

ïhe Council desires to express its appreciation of the services rendered 
during the past year by Mr. W. W. 11. Jago as Assistant Secretary. 

On behalf of the Society, 

GEO. S. CORSTOIIPHINE, 

Hon, Secretary, 



Johannesburg, January 8th, 1906. 
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Dr. F. H. Hatch in formally moving the adoption of the Report 
and Accounts, said : — 

I will ask your permission to make a few comments on some of the 
matters dealt with in the Report of the Council. 

The Society's Museum, which, as you will remember, now includea 
the collection formerly belonging to the Chamber of Mines, is at present 
exhibited in a room lent for that purpose by the Technical Institute in 
their building on Plein Square. The control is in the hands of a Com- 
inittee, consisting of two members of the Council of the Geological 
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Society, two members of tlie Council of the Transvaal Technical Institute, 
and two members of the Johannesburg Museum Committee. The 
Curator's salary is provided by a temporary grant from the Chamber of 
Mines, but although we hope that the Chamber will continue its support, 
we are not certain that this wiU be the case. The Geological Society has 
no f unds beyond those furnished by the annual subscriptions of members ; 
and, after providing for the publication of the Transactions, there is no 
surplus. This is a case where assistance might reasonably be expected 
from the Administrators of the public funds. A grant is made by the 
Government towards the upkeep of the Pretoria Museum; but in Johan- 
nesburg, the centre of the mining industry, nothing has been done either 
by the Government or the Municipality towards the formation of a 
nmseum. The collection of the Geological Society, which has been brought 
together mainly as the result of private enterprise, is the only one which 
can be consulted by prospectors and others interested in the development 
of the mineral resources of the country. It would be a great loss to 
the Rand if it should cease to be available to the public on ticcount cf 
the failure of the f unds necessary to pay the Curator's salary. 

The Society's Library, which is rapidly growing by exchange with 
foreign societies, surveys and other scientiíic bodies, cannot be utiiised 
to the fuUest advantage for the same reason that threatens the existence 
of the museum — want of funds. The books have to be kept in parcels 
or in boxes for want of suitable accommodation. I understand that 
Professor Young, of the Technical Institute, is willing to act as Honorary 
Jiibrarian ; and I have no doubt he will get the volumes arranged and 
classified; but until we can obtain sufl&cient funds for binding the 
volumes and providing adequate acconmiodation for them, the library 
cannot be that useful adjunct to the work of the Society which we should 
like to see it. A real benefít would be conferred on the mining industry 
by the provision of a sum sufficient to cover the upkeep of the museum 
and library. 

During the year Dr. Molengraaff has left us in order to take up the 
Professorship of Geology at Delft, in Holland. His departure is a distinct 
loss to the Society, of which he has been a valuable member, serving a term of 
office as President, and doing much to forward its interests by his energy 
and enthusiasm. He organised the first Geological Survey of this 
country in 1897, and in the two years preceding the war brought together 
an inmiense store of valuable information. Though no lonper with us, 
he will no doubt contribute many important papers to the Society's 
Transactions. Before leaving he presented to the Society's Museum a 
valuable collection of rock specimens, for which in the name of the 
Society I beg to tender him cordial thanks. Mr. Marriott, too, another 
member of the Council, has returned to England after many years' 
residence in this country. I take this opportunity of thanking him 
also in the name of the Society for the very valuable donation of his 
collection of Transvaal rocks and minerals. An especially interesting 
feature of the colltection are the specimens of cores of boreholes, a great 
number of which were put down under Mr. Marriott^s superintendence. 

I have also to thank Mr. J. G. Lawn for acting as Honorary Secretary 
to the Society during Dr. Corstorphine*s absence, from May to October, 
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and the Assistant Secretary, Mr. W. W. R. Jago, for his services during 
the past year. 

Mr. A. Brakhan, in seconding the adoption of the Report, said : — 
It seems to me almost presumptuous that I again should rise this 
year in order to second the adoption of the Keport : it has, however, been 
suggested to me, and I have great pleasure in doing so. The Report con- 
tains a good deal of information, and especially a resumé of the very 
important work which the Society has carried on during the past year. 
1, as a layman, am not able to gauge the importance of all the papers 
that have been read, but as one connected with the industry I have always 
followed them with great interest, and when they contained any points 
which, from a business point of víew, would be of interest I always made 
a point of having them explained to me. I am sorry to see that the 
accounts do not quite balance. It seems to me that a Society of this 
kind — of such importance to the industry and to South Africa, the 
niembers of which give us so much of their brain work — should have a 
balance on the right side. I hope that in the future this wiU be remedied, 
and I can only recommend that this important Societ'y should have all 
the support possible to give. 

The President explained that the fínancial situation was caused by 
the Society paying certain debts incurred in previous years. 

Mr. Lionel Phillips, who attended the meeting by invitation, said 
that the President had been good enough to suggest that he should say 
a word or two, particularly with regard to the museum. He did not 
propose to touch upon geological subjects, because he would land himself 
in a terrible mess, and he was sure he would perpetrate heresies that would 
bo immediately; discovered in that assembly. Of course, it was of the 
highest importance in a country like the Transvaal to have a G^ological 
Society and a museum, where prospectors and others engaged in searching 
for new things might be able to compare any rocks they might find. In a 
new country like this it was not possible to have museums of every descrip- 
tion in all the important towns. Some of them might be better placed in 
Pretoria than in Johannesburg ; but in this town, the centre of the mining 
industry, surely they should have a museum of specimens, which geologista 
and prospectors would be able to avail themselves of upon all occasions. 
Therefore, it was of the first importance that here a geological museum 
should be supported with the necessary funds. He could quite understand 
that the Chamber of Mines might say that it was hardly within their pro- 
vince to provide all the f unds. The Chamber of Mines represented certain 
interests, and certain mining interests referring to specific places where 
mines were being worked. Therefore, personally, while he would be glad 
to see the Chamber of Mines contribute, it seemed to him that Ihe museum 
was eminently an institution which had a right to demand from the 
Government some support. He hoped that the President would not have 
to complain next year as to the Society being in low water. He hoped, the 
debts the Chairman had referred to, having been paid, that the subscrip- 
tions of members in the next year could be devoted to the aims of the 
Society alone. 

The motion was then put to the meeting, and carried unanimously. 
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Anniversary Address by the President 

(Dr. F. H. Hatch). 



Gentlemen, 

The subject of this address is a brief account of the succession, thick- 
ness and geological history of the South African, and more especially of 
the Transvaal, formations. The information necessary for such an ac- 
count as I propose to give is, of course, very incomplete, but in broad out- 
lino the succession is now known, and some speculation as to the physical 
conditions that prevailed during the building up of the region may, per- 
haps, be permitted. I propose to deal with the period of the geological 
history of this country that came to an end with the close of Karroo times. 
The Karroo Period ends with the Stormberg rocks (Rhaetic) : since that 
time South Africa has, with the exception of a small coastal area, been a 
land surface, and the rocks have, consequently, been exposed uninter- 
ruptedly to the forces of denudation. 

1. ORDBR OP SUPERPOSITION OP THE STRATIPIED ROCKS. 

As Í8 well known, no determinable remains of organisms have been 
found in the Transvaal below the Karroo Beds, and none below the Bokke- 
veld Beds in the Cape Colony. In the absence of fossil evidence, the 
succession can only be established by a careful observation of the order of 
superposition and the lithological character of the strata. The succession 
has already, to a great extent, been determined by various workers, and 
the main dividing lines placed at the great breaks or unconformities that 
have been found to exist. Thus we have, as natural dividing lines, five 
great unconformities, namely, that below the Dwyka Conglomerate (which 
for future reference we will call Unconformity No. V.); that below the 
Waterberg Sandstone (Unconformity No. IV.) ; that below the Black Reef 
Series (Unconformity No. III.); that below the Ventersdorp System 
(Unconformity No. II.); and that below the Witwatersrand System 
(Unconformity No. I.). In regard to Unconformity No. V., we have the 
exception that in Southern Cape Colony the Table Mountain Sandstone, 
which some of us regard as the representative of the Waterberg Sand- 
stone, is followed successively and in strict conformity by the Bokkeveld, 
the Witteberg, and the lower shales of the Dwyka Series. 
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The following order of superpositíon of the South African stratifíed 
rccks may be regarded as now fairly established. 
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With the exception of one or two points, which I shall proceed to 
deal with, the above succession has found general acceptance. One of the 
points about which there is some considerable difference of opinion is 
as to how much or how little of the Karroo System above the Dwyka 
Conglomerate is represented in the Transvaal. The view originally put 
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forward was that the coal-bearing beds of the Transvaal were a continua- 
tion of the Stormberg Beds of the Cape. This was adopted by Molen- 
graa£í in his first geological reports; but later, in thc course of a 
discussion as to the age of the coal beds which took place in the Society 
some two years ago, he came to the condusion that our coal beds corres- 
ponded to the Beaufort Beds.^ Since then, the conviction has grown 
amongst some of us that the Transvaal coal horizon corresponds rather 
to the Ëcca Beds. 

The present Director of the Transvaal Survey, however, has adopted 
Dr. Molengraaff's view, that the Ecca Series is not represented at 
Vereeniging, the Dwyka Conglomerate being immediately foUowed byi 
tbe Beaufort Seriea or Upper Karroo, as he terms it.^ But, as militating 
against this view, I would point out that the Transvaal coal measures, 
while containing plant remains that are conamon both to the Ecca and to 
the Beaufort Series, such as Glos^opteris, Schizoneura and Phyllotheca, 
have also yielded abundant specimens of two species which at the Cape 
have only been found in the Ecca Beds. I refer to Noeggerathiopsis 
IIislopi, which occurs both in the Middelburg Coalfield (Boschfontein)' 
and at Vereeniging, and to Gangamopteris cyclopteroides, which occurs 
at Vereeniging.* CardiocarpuSy^ which is associated with Gangamop- 
teris and Glossopteris in Ecca Sandstone near Worcester, also occurs at 
Vereeniging. Moreover, to regard the Vereeniging Beds as of Beaufort 
age (Upper Karroo of the Survey) must involve the assumption of a con- 
siderable unconformity between the Dwyka Conglomerate and these beds, 
unless indeed we are to believe that the deposition of the Glacial Conglo- 
merate took place at a much later date in the Transvaal than in the Cape 
Colony. 

A minor matter to which the attention of the Survey might be 
drawn is the nomenclature to be adopted for the Karroo System, for if the 
coal sandstones are to be regarded as corresponding to the Beaufort Beds 
of the Cape, then it wiU be much preferable to retain the name of Middle 
Karroo Series for them, since the term Upper Karroo is applied only 
to the Stormberg Beds at the Cape. 

Another difference of opinion between the Survey and some of us 
exists as to the unconformity beneath the Witwatersrand Beds; and 
whether the latter form an independent system, or are but a portion of a 
more comprehensive system in which the Granite is intrusive. The 
Director of the Survey is apparently not prepared at present to admit 
that there is in the TransvaaÍ an older system than the Witwatersrand. 
He is not satisfied with the evidence that has been advanced that the 
Mont Maré schists are older than the Witwaterrrand, nor that the Wit- 



* MolengraafT, Discusaion on Dr. Corstorphine's paper, **The Age of tho Central 
South Africnn Coalfield," Trans, Geol, Soc. S.A., vol. vi. (1903), p. 45. 

« Kynaston, **CÍeology of the Transvaal and O.R.C.," Science in South Africa 
(1905), p. 298. 

' Seward, Quart. Journ. Geol. Soc, vol. Hii. (1897), p. 322. 

* Feistinantel, ** UebersiclitUclie Darstellunf( der peologisclï-i>alfpontogischen 
Verháltnisse Sud-Afrikas," Abhandl. d. KonigL bohm, Gtsdlsch, d, Wissensch., vii. 
folge, 3 band, Prague (1889). 

* Seward, Quart. Journ, Geol. Sor. (1897), p. 322. 
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waterarand Beds are younger than the Granite on which they rest.* In 
taking up this position, he ignores the evidence as to the relative age of 
the Granite and the Witwatersrand Beds furnished by Dr. Corstorphine' 
and the late Mr. Dorffel.* But what is the nature of the evidence that 
he would deem satisfactory to establish the relation of the Witwatersrand 
Beds to the Granite? They are seen in contact at numerous places, but 
nowhere is the latter found penetrating or sending off apophyses into the 
former. Neither do the sediments show anywhere any sign of contact 
metamorphism. On the contrary, they appear to have been accumulated 
on an aucient granite floor. If the Granite were later than and intrusive 
into the Witwatersrand Beds, surely some evidence of this would be 
forthcoming. It is true that Mr. Kynaston does not deny the possibility 
of an unconformable relation, but he regards the evidence as insufficient. 

Now this is a question which affects the mapping of thousands of 
square miles of country; it is besides important to the public from a 
mining point of view. I will give an instance : boreholes put down by 
exploration companies through the overlying covering of Karroo rocks 
or Dolomite are invariably stopped if they should reach the Granite. 
Is the doubt as to the usually accepted relation of the Granite to the 
Witwatersrand Beds so strong in Mr. Kynaston*8 mind that he would 
advise the continuation of such boreholes? We unfortunate geologists 
and mining engineers, who have to take practical views of such matters, 
are not allowed the luxury of academic doubt. Further, the important 
question is involved as to the relation of the Wítwatersrand Banket to the 
conglomerates and quartzites that occur in association with schistose 
rocks in the Barberton and Pietersburg districts, and in Swaziland and 
Mashonaland, a question which has recently been much discussed, owing 
to the prominence given to the so-called banket occurrence at Lomagunda, 
in Rhodesia, and its correlation with the Witwatersrand rock.* I main- 
tain that instead of shelving questions like these, the Survey should 
investigate the facts, and establish definitely the relation of the Witwaters- 
rand Beds to the Old Granite, and the existence or non-existence of an 
older system of sedimentary rocks. These are questions of vast import- 
ance to the mining industry, and call for as early a settlement as possible. 

While the maps produced by the Survey are a fit subject for con- 
gratulation, there is room for a difference of opinion as to the line on 
which the survey work should be carried out. Personally, I am of the 
opinion that in the present stage of the development of the country most 
good would be done, not by giving us detailed maps (however eicellent 
ÍD themselves) of outside districts, but by settling the large questions 
which its Director holds still require solution. 

While on the subject of the Survey, I will touch on another question, 
of the importance oí which Mr. Kynaston is as fully cognisant as we are. 

« Tranavaal Geological Siirvey Report (1904), p, 18, 

^ Corstorphine, G. S., "Tlie Oeoloí,qcal Relation of tlie Old Granite to the Wit- 
watersrand Series,*' Tians. Geol. Sor. S.A., vol. vii. (1904), pp. 9-12. 

* Dorffel, D., " Note on the Geological Position of the Basenient Granite," 
Tra)is. Geol. Sor. S.A., vol. vi, (1903). pp. 104-1^5. 

» Mennell, F. P., **The Banket Fomiation of Rhodesia," Tra?is. Gcol. Soc. S.A.^ 
vol. viii. (1905), p. 81 
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The maps issued by the Survey since its re-organisation in 1902 cover an 
area of about 4,100 square miles. This is a verj creditable performance, 
considering the smallness of the staff. But a simple computation will 
show that at this rate of progress some thirty years will be required to 
íinish the work, unless the staff be augmented. The importance of 
rapidly completing the geological survey of a country, dependent as this 
Í8 for its future welfare on the development of its mineral resources, 
cannot be too strongly impressed on the authorities; and to accomplish 
it the staff must be largely increased. I am glad that we can welcome 
an additional Field (ieologist in the person of Dr. W. A. Humphrey, who 
has had part f his training in South Africa, and we may trust that this 
is an augury of the Government's recognition of the importance of the 
work, and of its intention to carry it out with the least possible delay. 

I will pass on now to a consideration of the data available for deduc- 
ing the thickness of the South Af rican formations. 

2. THICKNESS OP THE 8TRATA. 

Since we know neither the base nor the summit of the Swaziland 
System, no estimate can be made of the thickness of these ancient rocks, 
which are partly of sedimentary, partly of igneous origin, but have in both 
cases been profoundly modified. There can be no doubt, however, that 
they are very thick, and that an immense quantity of material has been 
removed by erosion since their first upheaval. Recently, in a paper read 
before this Society, Dr. Voit^® has expressed the opinion that certain banded 
gneisses of the Northern Transvaal should be separated from the Swazi- 
land System as an older fundamental gneiss, corresponding, say, for 
iustance, to the Laurentian rocks of Canada or to the Lewisian gneiss of 
Scotland. As, however, he describes no section from which the relation 
of these gneisses to the remaiuder of the Swaziland Syïitem can be inferred, 
and since it is by no means certain that these gneisses are anything else 
than a sheared or inetamorphic portion of the granite, which in other 
places is found intrusive in the Swaziland Beds, it must be premature in 
the present state of our knowledge to attempt any such sub-division. 

With regard to the Witwatersrand System, the shales and quartzites 
of the lower division have on the Rand a thickness of 12,000 feet; the 
upper division, if we oxclude the Elsburg Series, about 7,000 feet ; in all 
about 19,000 feet. The necessity of separating the Elsburg Series from 
the Upper Witwatersrand Beds, which was advocated by Dr. Corstorphine 
and myself in a paper on the geology of the Bezuidenhout Valley read 
before this Society,*^ is again shown by fresh evidence from the Klerksdorp 
District, which will be made the subject of a paper by Mr. Jorissen. This 
series of conglomerates and quartzites has on the Rand a thickness of 
f rom 3,000 to 4,000 feet. I include it here with the Ventersdorp System. 
The thickness of this latter system, which comprises boulder beds, coarse 



»» Voit, F. W., «^Gneiss Formation on the Limpopo," Trans. Geol. Soc. S.A.y vol. 
viii. (1905), p. 106. , . . ^ . , , 

»» Hatch, F. H., and Corstorphine, G. S., **The Geolopy of the Bezuidenhont 
Valley and the District East of Johannesburí^," Trans. Geol. Soc. S.A.y vol. vii. 
(1904), pp. 97-109. 
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conglomerates, Yolcanic breccias and laYas, is Yery difficult to compute. 
South of the Rand the KliprÍYersberg Amygdaloid has a thickness of at 
least 4,000 feet, and, adding this to the thickness of the Elsburg Series, we 
get a total of 7,000 to 8,000 feet for the thickness of the Ventersdorp 
System as deYeloped on the Rand. 

The Potchefstroom System presenta difficulties of another kind, owing 
to the Yery Yariable thickness of its lower members, the Black Reef and 
tho Dolomite Series. In the Pretoria and Witwatersrand districts the 
Black Reef Series is under 100 feet, eYen sinking to as little as 10 to 20 
feet, as has been proYed by borehoiea on the East Rand;" whereas Mr. 
Ïhord-Gray ^' has recently» estimated its thickness at Pilgrim's Rest at 
1,800 feet, while Mr. Sawyer " gÍYes it as 1,200 feet at Chunies Poort. 
The Dolomite Series has been estimated in the Pretoria district at 5,000 
feet by Molengraaff," although Mr. Kynaston considers it probable that 
its thickness does not exceed 3,000 feet in that district. In the Makapan 
Mountains Molengraaff puts it at 4,000 feet; near Godwan at 1,650 feet; 
in the Yicinity of Lydenburg at 2,600 feet; and south of the Witwaters- 
rand at 2,600 feet. Mr. Thord-Gray gÍYes its thickness at Elandsfontein 
in the Lydenburg district as 3,000 feet; while Mr. Holmes informs me 
that from careful measurements he has made in the Marico district, where 
the series exists in Yery regular order in the Dwarsberg, he estimates the 
thickness of the Dolomite at as much as 7,500 feet, the Black Reef Series 
being Yery thin there, not more than 75 feet. Taking the thicknesses 
gÍYen aboYe, it would appear as if where the basal quartzites are 
largely dcYeloped, as in the Lydenburg district, the Dolomite suffers a 
corresponding diminution, and where the Dolomite is thick, the Black 
Reef is poorly dcYeloped. Together, the maiimum thickness of the two 
formations probably does not exceed 8,000 feet. In Griqualand West 
Messrs. Rogers and Schwarz haYe found the limestone series " measured 
from the quartzites below which no limestone is seen, to the lowest jaspers 
or magnetite quartzites of the Griquatown Beds (Pretoria Series) " to 
haYe a thickness of 5,000 feet; while the underlying quartzites (Black 
Reef Series) Yary from 200 to 2,000 feet." 

The Pretoria Series is estimated by the TransYaal Geological SurYey 
to haYC a thickness of not less thah 10,000 feet.*' Mr. Holmes has 
measured this series in the Dwarsberg (Lotteringskop), and informs me 
that his figures work out to 9,900 feet, which is in Yery close agreement 
with the estimate of the SurYey. We haYe, therefore, a maximum aggre- 
gate thickness for the three members of the Potchefstroom System of about 
18,000 feet 

^* Hatch. F. H., ** The Extension of the Witwatersrand Betls Ea.stwanls under the 
Dolomite and the Ecca Seríes of the Southem Transvaal," Trans. Gcol. Soc, S.Á.y 
vol. vii. (1904). p. 63. 

*» Thord-Gray, I., "Notes on the Geology of the Lydenburg Goldfields," Tmns. 
Geol. Soc. S.A., vol. viii. (1905), p. 66. 

**Sawyer, A. R., " The Geolofry of Chunies Poort, Transvaal," North of 
England Inst. Min. Enfpneers (1905). 

*» Molengraaff, G. A. F., "Geoloíjy of the Transvaal," Joliannesburj?, 1904. 

*« Rogers, A. W., and Schwarz, E. H. L., Ann. Kej). Geol. Con\ni. of the Cape 
Colony (1899), p. 80, ** Geology of tlie Orange River Valley in the Hopetown and 
Prieska Districts." 

»" Transvaal Geological Survey Rcport (1903), p. 40. 
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The thickness of the Waterberg Sandstone has not been measured in 
any place where there is anything approaching a complete section. The 
lower beds, however, have been caref ully examined by Mr. Mellor in the 
Rhenosterkop area, and were found by him to have a thickness of 3,150 
feet." The Table Mountain Sandstone, which appears to be the Cape 
representative of the Waterberg," is estimated by the Cape Survey to 
have a thickness of 5,000 feet, and there can be very little doubt that the 
Waterberg formation is at least as thick. 

The Bokkeveld Beds, which succeed the Table Mountain Sandstone 
at the Cape, are estimated by the Cape Survey at 2,500 feet, and the 
same thickness is given to the Witteberg Beds, making a total thickness 
for the Cape System of 10,000 feet. The Bokkeveld and Witteberg Series 
are, however, absent in the Transvaal. 

According to Mr. Rogers,^° the Karroo System has a thickness of 
18,000 feet, of which 4,900 feet ís apportioned to the Dwyka and Ecca 
Series, 5,000 feet to the Beaufort Beds, and 8,200 feet to the Stormberg, 
4,000 feet of the latter being occupied by the volcanic group which forms 
the summit of the system. 

Sunamarising, we have the following maximum thickness for the South 
African stratified rocks : — 

Karroo System ... ... ... ... 18,000 feet. 

Cape System (in which is included the Waterberg 

Formation, as correlative with the Table 

Mountain Sandstone) ... ... ... 10,000 feet. 

Potchefstroom System, about ... ... 18,000 feet. 

Ventersdorp System, about ... ... ... 8,000 feet. 

Witwatersrand System ... ... ... 19,000 feet. 

Excluding the Karroo System, there remain some 55,000 feet of beds 
(say, 10 miles) lying below the base of that system and above the Swazi- 
land Beds, or in other words, below the Permo-Carboniferous of Europe. 
When we take into consideration the gaps represented by four great 
unconformities, we see that the " geological column " must necessarily be 
much greater than this total, since no allowance is made for the losses 
due to denudation. It probably embracee the period of time covered by 
the Devonian, Silurian, Ordovician and Cambrian Systems of the 
European classifícation. 

Unfortunately, no correlation with the European formations is at 
present possible, on account of the complete absence of fossils in all the 
South African formations below the Bokkeveld (Devonian) Beds. Quite 
recently some lamellibranch remains have been found by the Cape Survey 
in the Table Mountain Sandstone, but have not yet been deterrained. But 
we need not despair of finding organic remains in some of these formations, 
when we remember the patient search that has been necessary in Europe 
iu order to obtain fossil evidence for the age of important formations. 

'" Tranavaal Geological Snrvey Report (1904). 

»»Hatch, F. H., and Corstorphine, G. S., ** The Geoloíry of South Africa," 
London, 1905, p. .m 

«0 Rogers, A. W., "The Geology of the Cape Colony," London, 1905, p. 147. 
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Rogers^^ instances the work done in the north of Devonshire by two 
generations of geologists before the Morte slates were found to be fossili- 
feroUs. We may still hope that some of our more promising shales and 
limestones will yet yield palaeontological evidenoe which wiU enable them 
to be correlated with the classic systems of Europe. 

3.— aEOLOGICAL HISTORT OF THB ROCKS. 

After the granites, gneisses, schists and sediments which make up 
the Swaziland System had been elevated to form a oontinental area 
extending over the northern and western portions of South Africa, denuda- 
tion began, and the material thus produced was carried to the sea to 
form the Witwatersrand Beds. The nature of these sediments — ^they 
consist of conglomerates, grits and shales — indicates a marine period 
with shallow water conditions, which oontinued aknost uninterruptedly 
during their deposition. They were accumulated first on a sinking, and 
then on a rising sea bottom; for the lower beds are composed largely of 
mud and fine sand, conglomerates only becoming abundant in the upper 
beds, which were formed in the later portion of the period when the sea 
had become sufficiently shallow to allow of the accumulation of shingle 
and gravel. There is evidence in the'Southern Transvaal that the land 
from which the sediments were mainly derived lay to the west, the sea 
lo the east, for the Lower Witwatersrand Beds consist solely of mudstones 
and fine sandstones in the east, while towards the west they gradually 
develop conglomerates with a decreasing amount of shale. 

The northern shore line of the Witwatersrand sea probably did not 
extend north of the 25th parallel of latitude, for in the Northern Trans- 
vaal we find the Waterberg Sandstone resting directly on the granites 
and gneisses of the Swaziland System, while in Southern Rhodesia, north 
of Bulawayo, the oldest deposits resting on these rocks are the Sijarira 
Sandstones,^^ underlying the Matobola Coal Measures, in which fossils 
indicating a Permo-Carboniferous age have been fouud. 

Aft«r the close of the Witwatersrand period, which was brought about 
by the final elevation of these beds above sea level, they in their turn 
became exposed to the disintegrating forces of denudation, the resulting 
debris being transported and spread out by the heavy flood waters of 
torrential rivers, since we find the Ventersdorp period ushered in by the 
accumulation of coarse conglomerates and boulder beds, in which occur 
fragments of such characteristic beds of the preceding formation as 
Hospital HiII Slate and the auriferous conglomerates of the Upper Wit- 
watersrand Series. This denudation produced the second break in the 
succession, marked as Unconformity No. II. in the scheme given on page 
xxii. The Ventersdorp period is particularly marked by volcanic 
manifestations, vast thicknesses of basic and acid lavas, volcanic breccia 
and tufïs having been accumulated, probably on a land surface. 

Before the next submergence, that of the Potchefstroom Period, the 
vast piles of volcanic accumulations, together with the boulder beds and 

«* "The Geolopy of the Cape Colony," London, 1905, p. 114. 

>1. li» " " 



' Molyneux, A. J. C, Quart Joum, GeoL Soc., vol. lix. (1903), p. 283. 
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coarse conglomerates of the Ventersdorp System, were long exposed to 
denudatiou, as there is a break (Unconforniity No. III.) between this and 
the succeeding system, the lowest member of which, the Black Reef Series, 
is found lying unconformably on every older formation down to the 
granite and schists of the Swaziland System. At some time before the 
deposition of the Black Reef and Dolomite Series, the Witwatersrand Beds 
had been subjected to a folding movement, as the latter are fond bent into 
gentle synclines and anticlines, on the denuded remnants of which the 
former lie undisturbed.^' The Potchefstroom System consists of three 
members : a small development of sandstone at the bottom with a basal 
conglomerate, dolomitic limestone and shales in the middle, and a great 
thickness of shales and sandstones on the top. This succession indicates a 
comparatively rapid submergence, continued until clear water conditions 
were reached, under which the accumulation of calcareous sediments 
became possible. The period during which the muds and sands now form- 
ing the Pretoria Series were deposited was probably one of slow oscillation 
between rising and sinking, the conditions representing on the whole a 
shallow water phase. The shore-Iine of a bay-like portion of the sea in 
which the sediments of tho Potchefstroom formation were deposited is 
well-marked in the Transvaal by the outcrop of the Black Reef Quartzite, 
as may be seen by consulting a geological map of the Transvaal, but some 
allowance must, of course, be made for subsequent denudation, especially 
in the Lydenburg district. The main sea, however, extended over the 
southern portion of Bechuanaland and Griqualand, between the Vaal and 
Orange Rivers. 

The final emergence of the rocks of the Potchefstroom System pro- 
duced, by denudation, another great break in the succession, namely, the 
unconformity (No. IV.) which separates the Waterberg from the Potchef- 
stroom System. During the interval represented by this break, the beds 
of the latter were tilted, flexured, and dislocated. The resultant land 
surface furnished the material for the building up of the Waterberg for- 
mation. The basal conglomerates and breccias of the latter were first 
formed, namely, during the subsiding period. From the fact, to which 
attention has been drawn by Mr. Holmes, that pebbles of red felsite are 
found in these basal conglomerates,^* it is probable that an eruption of 
acid lavas began while the Potchefstroom strata were being upraised; 
this igneous activity was probably long continued, for quite recently Mr. 
Mellor^* has described in the lowest portion of tho Waterberg Series at 
Rhenoster Kop the occurrence of fragmental beds consisting for the most 
part of igneous material, from which he draws the conclusion that this 
period was marked by vigorous contemporaneous volcanic action, and he 
makes an interesting comparison with the conditions that obtained at the 
commencement of the Old Red Sandstone period in Scotland. 



«^ Hatch, F. H., ** The Extension of the Witwatersrand Beds Eastwarda under 
the Doloniite," etc, loe. ciL, p. 68. 

** Holmes, G. G., "Sonie Notes on the Geology of the Northern Transvaal," 
Tram, Oeol. Soc. S.A., vol. vii. (1904), pp. 55-56; ** The Geology of a part of the 
Rustenburg District," Tram. Geol. Soc. S.A.y vol. viii. (1905), p. 6. 

'^^Mellor, E. T., "Volcanic Action in the Waterberg Forniation," Tra7is. Gcol. 
Soc. S.A., vol. viii. (1905), p. 38. 
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The character of the Waterberg rocks, consisting as they do largely 
of conglomerates, grits and coarse sandstones, indicates shallow water 
conditions in a slowly subsiding area. The constant occurrence of f alse 
bedding points to rapid sedimentation in shallow waters affected by strong 
and variable currents.^^ The pebbles of the basal conglomerate consist 
largely of quartzite derived from the Pretoria Beds, and there is evidence 
that the Walerberg sediments were deposited against an old land surface 
of the Pretoria rocks, which underwent denudation to supply the neces- 
sary materiaL The present distribution of the Pretoria Beds along 
the southern margin of the Waterberg Sandstone probably marks the 
shore-line of the sea or lake in which the latter was laid down. This sea 
extended over the greater part of the Northern Transvaal, and probably 
included a portion of Southern Rhodesia ; it may have been land-locked, 
for the facts that the Waterberg formation has beeu found resting on an 
uneven floor, and that near the base very coarse irregular conglomerates'' 
are met with, seem to militate against this formation being a true marine 
deposit. 

The Cape Colony representative of the Waterberg Sandstone, namely, 
the Table Mountain Sandstone, also consists of sandstone, but with less 
conglomerate. Conglomerates, although scarce, however, do occur, and 
Rogers has described in the Pakhuis Pass, near Clanwilliam, the occur- 
rence of ice-scratched pebbles which appear to have come from a glaciated 
region, and to have been carried to their present site by the agency of 
floating ice.^* From an increase in the degree of coarseness of the «edi- 
monts towards the west, and the greater f requency of conglomerates in the 
Piquetberg division and the Olifants River Mountains, Rogers argues 
that their source must have lain in that direction, and that the sediments 
were accumulated at no great distance and in shallow water. In his 
view the Table Mountáin Sandstone is probably of fluviatile origin."' 

The Table Mountain Sandstone is followed conformably at the Cape 
by the Bokkeveld Beds, the character of which points to a continuance of 
the subsiding phase. The fossil remains indicate marine conditions, 
although the frequent occurrence of false bedding in the sandstones pre- 
cludes the possibility of very deep wat^rs. The fossil fauna of the Bokke- 
veld Beds show that they are homotaxial with the Devonian System, but 
whether Upper, Middle, or Lower has not yet been decided. The upper 
beds of the Boklveveld and the succeeding Witteberg Beds indicate a 
change to lacustrine or fluviatile conditions, the beds consisting of mud- 
stones and sandstones which, with the exception of a few plant remains, are 
barren of organisms. It is possible, as suggested by Mr. Rogers,'® that 
at about the middle of the Bokkeveld period open communication with 
the sea may have been again cut off, deposition subsequently taking place 

«« Mellor, E. T., Transvaal Ceological Snrvey Report (1903), p. 17. 

«^ Mellor, E.T., *'The Waterber^ Sandstone Fonnation," Tram. Gtol. Soc. S.A., 
vol. vli. (1904), p. 40. Mr. Mellor instances tlie occnrrence of boulders ranging np 
to 8 feet in diameter. These must have been transported by streams of a torrential 
character. 

^»» Rogers, A. W., "The Cílacial Conglomerate in the Table Mountain Series near 
Clanwilliam," Tratis. S.A. Phil. Soc.y voí. xvi. (1905), p. 1. 

«» Rogers. A. W., **The (Jeology of the Cape Colony," p. 395. 

»« " The Geology of the Cape Cólony," p. 396. 
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by fluviatile agencies in inland seas. This would account for the 
absence of marine organisms in these beds. At the Cape, the Witteberg 
Beds are followed without a break by the shales forming the lowest beds 
of the Dwyka Series. Northwards, however, the Witteberg and Bokke- 
veld Beds gradually thin out, and the Dwyka Series finally rests uncon- 
formably on the Table Mountain Sandstone. From this the deduction can 
be made that, owing to the elevating of the beds above sea level, they 
became subject to denudation before the commencement of the Dwyka 
epoch, and it is even possible that still further nortE denudation may 
have commenced before the Witteberg epoch, so that the latter series wae 
never deposited in these northern regionsj and in the Transvaal it is 
most likely that even the Bokkeveld Series was never represented. During 
the accumulation of the Dwyka Series, the northern part of South Africa 
was covered with ice, for it is now generally admitted that the Dwyka 
Conglomerate has been f ormed of rock f ragments, boulders and mud which 
have been carried towards their present site by glaciers moving southward 
from a northern mountainous country. That the highest portions of 
these mountains were probably situated in the Northern Transvaal some- 
where about the present Waterberg district, is indicated by the distribu- 
tion of the glacial conglomerate. 

The Dwyka Series, as well as the rest of the Karroo rocks, appears 
to have accumulated in a great inland sea which occupied prfcctically the 
whole of Central South Africa as at present constituted. The southern 
shore line of this vast lake extended east and west along the northern 
margin of the present coast ranges of Southern Cape Colony. To the 
east it passed into the present Indian Ocean, somewhere about the Gualana 
River, returning at Port St. John, whence it stretched north-eastward 
parallel to the present coast of Natal, the north-western boundary eitend- 
ing roughly along the present course of the Vaal River as far as Vereenig- 
ing. The fossil evidence points to fresh water, or at least to brackish 
conditions, and the frequent occurrence of false bedding, ripple marks, 
sun cracks, worm burrows, etc, indicates that the water could not have 
been deep. The Dwyka Conglomerate was deposited partly in this lake 
by the agency of floating ice ; partly it consists of ancient moraines, the 
accumulation of which slowly followed the retreating ice northwards. In 
conformity with this two-fold mode of origin, there are two facies of tfie 
Dwyka Series : a northern, lying unconformably on an uneven surface 
(often grooved and polished) of the older rocks, and a southern, reeting 
conformably on the uppermost member of the Cape System. In the 
Transvaal, the Dwyka covering has preserved interesting features of the 
pre-Karroo land surface. Thus Mr. Mellor^* considers that the valleys 
of the Elands River, Bronkhorst Spruit and the Wilge River are of pre- 
Karroo origin. At the beginning of Karroo times they became filled with 
the conglomerate, and have in recent times been re-excavated. The coal 
deposits, which at Vereeniging and elsewhere in the Southern Transvaal 
and at Dundee and Newcastle in Natal are found in the Ecca Beds imme- 
diately above the Dwyka Conglomerate, show that a luxuriant tropical 
vegetation flourished in the Ecca epoch ; while tlie fact, first pointed out 

3* Transvaal Geological Sur\'ey Report (1903), p. 20. 
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hy E. J. Dunn,'^ that seams of breccia of almost identical character with 
the Dwyka are inter-bedded with the coal at Vereeniging seems to indicate 
that glaciers were still in existence while the coal beds were being 
deposited. Professor Edgeworth David'' has described a similar occur- 
rence in New South Wales, where a group of coal measures over 230 feet 
thick, and comprising from 20 to 40 feet of coal, is sandwiched in between 
the erratic-bearing horizon of the " Lower Marine Series " and the similar 
horizon of the *' Upper Marine Series." There appears to be indicated 
in these facts a recurrence of a glacial epoch, separated by a milder inter- 
glacial period. Profe^sor Penck, however, to whom I showed specimens 
of these later breccias, in borehole corea from the Vereeniging Coalfield, 
thought tliat they probably represented a re-wash or rrmamé of the true 
Dwyka. With regard to the age of the Transvaal coal, the occurrence of 
Sigillaria Brardi at Vereeniging supplies a link with Europe, and on this 
evidence Seward^* assigns the beds to the Permo-Carboniferous period, 
and suggests that the commingling of Sigillaria species with the Glossop- 
teris flora indicates an overlapping of two distinct botanical provinces. 

A recurrence of the conditions suitable for the formation of 
coal deposits took place at a much later epoch in the Karroo Period, 
namely, at the beginning of Stormberg times (Molteno Beds). Between 
the two horizons there are some 7,000 feet of strata in the geological 
column, 5,000 feet of which are made up of the Beaufort Series, which 
requires no special mention here, except for the abundant occurrence in 
it of the remarkable labyrinthodont and dinosaur remains. The bones 
of these animals must have been washed into the lake by rivers. 

At the top of the Stormberg Series, and consequently occupying the 
highest position in the system, are the basic lavas and ash beds of the 
Volcanic Group. The interstratification of ash-beds and lava-flows with 
sandstone points to some sub-aqueous eruption ; but the bulk of the later 
flows were sub-aerial, and the accumulation of such a vast pile of volcanic 
material — it is some 4,000 feet thick — determined the watershed of the 
Drakensberg as it exists to-day in Basutoland and the Eastern Province 
of Cape Colony. Many of the vents by which the eruptions took place 
have been found,** cutting through the Cave Sandstone, by the Cape 
Geological Survey ; but Mr. Schwarz is of the opinion that fissure eruption 
also played a part in the formation of the volcanic beds. 

It is interesting to note that the remarkable series of lavas occupying 
tho so-called Springbok Flats in the Transvaal, and known as the Bushveld 
Amygdaloid, has beon found by the Transvaal Survey to overlie sand- 



»« **Noteson the Dwyka Coal Measures," Trans. S.A. PhU. Soc., vol. xi. (1900), 
p. 67. 

" "Evidences of Glacial Actlon in Anstralia in Permo-Carlwniferous Tinie," 
Qnnrt. Jonrn. Geol. Soc.^ vol. lii., p. 289. 

»* Ouurt. Jonrn. Geol. Soc. (1897), p. 322. 

'* An interestiní? account of the geological history of these eniptions is piven by 
Mr. Du Toit in a paper on **The Forniinff of the Drakensberg," Trans. S.A. Phil. 
Soe., vol. xvi., part i. (190.')), p. 65. See also ** Ileport on part of the Matatiele 
Division, with an account of the Petrography of the Volcanic Rocks," by E. H. L. 
Sehwarz, Geol. Conim. Report (1902), Cai>etown, 1903, p. 11. Also ^'íJeological 
Survey of Klliott and Xalanga," by A. L. Du Toit, Geol. Comm. Report (19a3), 
Capetown, 1904, p. 109. 
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fetones which are considered to be of Karroo age, and has been provisionally 
referred to the Storniberg epoch.'® There is certainly a remarkable 
resemblance in the petrographical habit of these amygdaloids to the lavas 
of the Volcanic Group of the Drakensberg and Malutiberg. In this con- 
nection, the discovery by the Survey of a ** pipe amygdaloid " in the 
Bushveld lavas, similar to the characteristic rock of the Stormberg Volcanic 
Group, is noteworthy. 

The dolerite intrusions, which are so widely distributed in the 
Karroo rocks, and form such a striking feature in their scenery, 
belong to a period somewhat posterior to the volcanic eruptions of 
the Stormberg epoch ; their late limit is fixed by the fact that boulders 
of the typical dolerite have been found in the Umtamvuna (Upper 
Cretaceous) rocks of the Pondoland coast.'' Intermediate in age between 
the Stormberg volcanoes and the period of intrusion of the Karroo 
dolerites, are the volcanic pipes so well known on account of the diamond 
being a constituent of their breccia-filling at Kimberley and in the Trans- 
vaal. The facts on which this argument is based are as follows : The 
Stormberg lavas are occasionally penetrated by dykes,'® which probably 
belong to the Karroo dolorites, which Messrs. Rogers and Du Toit" have 
shown that the Sutherland pipes, which are analogous to the diamond- 
bearing deposits, except tfiat they do not yield diamonds, are of later age 
than the latter. 

The exact period at which the Cape Formation and the overlying 
Karroo Beds were folded to form the great mountain ranges of the Southern 
Cape (the Zwarteberg, Langeberg, etc.) cannot be fixed, but it was after 
thc deposition of the Lower Karroo Beds, as these are involved in the 
folding, and before the deposition of the Uitenhage Beds, since the latter 
lie undisturbed on the folded Cape Formation. 

To Bummarise, we have in South Africa evidence of the former 
existence of at least three periods during which the greater portion of 
South Africa was elevated above sea-level, besides the one we live in, 
which has endured since Karroo times. The first of these is indicated 
by the break in the succession below the Witwatersrand System; the 
second by the volcanic and fluviatile deposits of the Ventersdorp System, 
and the unconformity between the latter and the succeeding Potchefstroom 
System; and the third by the break between the Potchefstroom and the 
Waterberg Sandstone. Between these must have intervened three periods, 
during which a large portion of South Africa was submerged, and the 
marine and littoral sediments of the Witwatersrand, the Potchefstroom 
and the Cape Systems were deposited ; and a long period of fresh water 
sedimentation, during which the Karroo rocks were accumulated by the 
agency of vast river systems discharging into great lakes. The coastal 



«•Mellor, E. T., Transvaal Geoloííical Survey Keport (1904), Pretoria, 1905, 
p. 31 ; and Trans. GeoL Soc. S.A., vol. viii. (1905), p. 37. 

"^ Rogers and Schwarz, Annnal Report Geol. Conim. (1901), Capetown, 1902, 
pp. 25-46. 

»»Dn Toit, A. C, **The Forming of the Drakensberg," Trans. S.A. Phil. Soc., 
vol. xvi. (1905), n. 67. 

'•Roífersand Du Toit, "The Sntherland Volcanic Pipes and their relationship 
to other Vents in South Africa," Trans. S.A. Phil. Soc., vol. xv. (1904), p. 61. 
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deposits (the Uitenhage and Umtamvuna Series), which are the marine 
products of a later (Cretaceous) period, are not considered here, as they 
play only an insignificant part in the geology of South Af rica ; and I have 
limited myself to the close of the Karroo Period. 

It is not likely that at any period since its first upheaval the whole 
of South Africa has been submerged; indeed, there is evidence that the 
northern region remained uncovered and subject to erosion up to the 
commencement of Karroo times. On the other hand, it is unlikely that 
the oontinent has always had its present limits ; the similarity between the 
remarkable Dalmuda-Talchir flora of India, the Newcastle flora of 
Australia and the Lower Karroo flora of South Africa, indicates that in 
Permo-Carboniferous times South Africa was probably united to India 
and Australia to form one great continent, which Suess^" has named 
Gondwanaland. Blandford*^ even suggests that in Mesozoio times South 
Africa was also connected with South America, so that ** a girdle of land 
may have extended round nearly three-quarters of the earth's circum- 
ference " f rom Peru to New Zealand. 

Volcanoes have played a great róle in the geological history of South 
Africa, and the traces of this ignepus activity survive in the form of lavas, 
with or without volcanic tuffs and breccias, or in the various forms of 
intrusive igneous material (laccolites, sills, dykes, etc), or again as vol- 
canic necks and " pipes." There are at least five distinct periods in which 
South Africa has been the theatre of intense igneous activity, and the 
ages of these may be arranged as follows : — 

1. Between the close of the Witwatersrand and the commencement of 

the Potchefstroom periods — the period of the eruption of the 
Ventersdorp lavas, tuffs and breccias. 

2. A period commencing af ter the closer of Potchef stroom, and extehd- 

ing into early Waterberg timee, in which the intrusion and 
eruption of the Red Granite and associated felsites took place. 

3. At the close of the Stormberg epoch — eruption of the Stormberg 

lavas. 

4. Between the close of the Karroo period and the commencement of 

the Umtamvuna (Upper Cretaceous) epoch — intrusion of the 
dolerite dykes and sills. 

5. After the intrusion of the dolerites — formation of the pipe 

breccias. 
With this summary, I must bring my account of the geological history 
of South Africa to a close, although I have but touched the fringe of the 
subject. Much remains to be discovered before the secrets of the past can 
be completely deciphered, and it must be remembered that geology in 
South Africa is stíll young. It shows, however, a vigorous growth for all 
its youth, and I am convinced that in the next few years great progress 
and many new discoveries will be made. In this progress the Geological 
Society of South Africa will doubtless have a large share and uphold or 
increase the high standing it has already won. 

*• " Das Antlitz der Erde," vol. i., Vienna, 1885. p. 768. 

*»Blandford, W. T., Presidential Address, Proc, Geol. Soc., vol. xlvi. (1890), 
p. 106. 
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Election of Council and Office-Be.vrers. 

Thirteen members were nominated to fiU the ten vacancies on the 
Council, and, after ballot and scrutiny, the President declared the follow- 
ing to be elected : — Messrs. C. B. Brodigan, H. S. Harger, J. McClelland 
Ilenderson, G. G. Holmes, C. Baring Horwood, H. Kynaston, J. G. Lawn, 
E. ï. Mellor, D. Wilkinson, R. B. Young. 

On the motion of Mr. H. Kynaston, seconded by Mr. E. H. V. 
Melvill, Dr. Geo. S. Corstorphine was unanimously elected President of 
the Society for the ensuing year. 

The retiring President then formally vacated the chair in favour of 
hÍB successor. 

On taking his seat in the chair, the new President, Dr. Geo. S. 
Corstorphine, thanked the members for his election. He said that he 
regarded it as a very high honour to be President of that Society and to 
succeed his friend, Dr. Hatch, who had guided them to that high level to 
which the Society had now attained, and at which they must try to keep 
it. The first thing he wished to do was to propose a very hearty vote of 
thanks to Dr. Hatch for all he had done for the Society. Dr. Hatch had 
been intimately associated with the Society for the past three years, and 
no one had done half as much as their retiring President to forward the 
aims of the Society. He (the speaker) regretted that Dr. Hatch was leav- 
ing them, but they knew his sympathies would always be with them even 
when he was in other lands. 

Dr. Hatch thanked the members for their vote, and expressed the 
pleasure he had had in working for the Society. 

Messrs. H. Kynaston, J. G. Lawn and A. R. Sawyer were elected 
Vice-Presidents. 

Mr. E. Jorissen was elected Honorary Secretary and Treasurer for 
the ensuing year. 

Mr. Chas. Stuart was re-elected Honorary Auditor, and a vote of 
thanks was accorded to him for his services to the Society in that' capacity 
during the past year. 

The President thanked Mr. Chaplin (President of the Chamber of 
Mines) and Mr. Lionel PhiUips for being present that night. 

Mr. F. D. P. Chaplin, in reply, said it had been a great pleasure for 
him to be present and hear Dr. Hatch's excellent paper. He only wished 
that he was more familiar with the subject. Regarding the support the 
Chamber of Mines could give the Society, they had done what they could 
during the past year in the way of paying something towards the rent 
and the cost of the curator of the Museum. He did not like to promise 
that the contribution would be perennial, because there was an ominous 



Digitized by 



Google 



XXXVÍ. PROCBEDINGS OF THE GEOLOGICAL SOCIETY OF SOUTH AFRICA. 

sign in the way of a special meeting of the Chamber for the purpose of 
raising subscriptions of members because of the great demands made upon 
the funds of the Chamber. At the sanie time he felt certain that, in order 
to tide over a time of fínancial difficulty, the Chamber would do what it 
could to assist, and, at any rate, he would only be too happy to exercise 
any small influence he might have in that direction. 

Mr. Lionel PhiUips thanked the Society for the privilege of being 
allowed to be present, and wished it every prosperity. 

There being no further business, the President declared that the 
Annual General Mccting was closed, and that those present would now 
constitute an Ordinary Monthly Meeting for the election of members. 



Monthly Meeting, held in the Council Chamber, ChamlxT of 
Mines, Johannesburg, at the close of the Annual General 
Meeting on Monday, 29th January, 1906. Dr. G. S. 
Corstorphine, President, in the chair. 



The Minutes of the Ordinary Monthly Meeting, held on the 18th 
December, 1905, were read and confirmed. 

The undermentioned gentlemen were balloted for, and elected 
memlHïrs of the Society : — 

Messrs. Walter Broadbridge, C. E. Cumpbell, David Don, E. C. Long 
and F. Robellaz. 

This concluded the business of the meeting. 
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Monthly Meeting held in the Council Chamber, Chamber o£ 
Mines, Johannesburg, on Monday, 19th February, 1906, 
at 8.15 p.m., Dr. Geo. S. Corstorphine, President, in the 
Chair. 



The Minutes of the Ordinary Monthly Meeting, held on 29th Januarj, 
1906, were read and confirmed. 

The under-mentioned gentlemen were balloted for, and elected 
niembers of the Society : Messrs. A. L. Chamfeers, Á. L. du Toit, F. Emley, 
T. J. Gibb, Lionel Phillips and H. S. Stark. 

The Chairman reminded members that the competition for the Draper 
Medal, which was open to all members not over 33 years of age on the 
31 8t March, 1906, and who were members of the Society at Slst December, 
1904, closed on the Slst March next, and any member who wished to send 
iri a paper specially for this competition should do so by that date, which 
was the last day on which papers would be receiyed. 

Dr. J. T. Carrick, in discussing Dr. J. McClelland Henderson's paper, 
entitled ** New Facts bearing on the Eitension of the Main Reef Eastward," 
said : — 

Before going further, I wish to say that my remarks this evening, in 
connection with Dr. Henderson's paper, must partake more of the nature 
of notes on minor matters than of a general criticism of his paper, as I 
am personally satisfied, not only by the evidence which he has put for- 
ward, but also as the result of work in the Heidelberg district, with which 
I have been connected during the last twelve months, that the Nigel Reef 
rcpresents the Main Reef Series in that district. As the work to which 
I refer was carried out for private companies, from whom I have no per- 
mission to speak freely as to results, I regret that 1 cannot go into any 
further detail. 

The first point to which I would refer in Dr. Henderson's paper is 
the f act that but for the evidence obtained f rom the Grootvlei-Daggafonteín 
joint borehole it míght stiU be argued that the two reefs carrying payable 
values — ^the one at the base of the Kimberley, and the other the Main Reef 
Series — are not such, but, on the contrary, belong to the Main and Govern- 
ment Reef Series respectively. In this borehole, however, where the Kini- 
berley Series was intersected above the Main Reef Series, the comparative 
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microscopic evidence, afiforded by samples of the two shale beds, provided a 
basis of comparison, and in this connection I would point out that in 
June, 1904, Dr. Hatch himself was not yet aware of any substantial micro- 
scopic distinction between the two shale occurrences, either in degree or 
actual contrast; I should like, therefore, very much to know who first 
definitely determined the difiference. 

The discovery of a reef with payable values at the base of the Kim- 
berley Series is, I would like to emphasise, a very remarkable fact, as an 
evidence of change in the Upper Witwatersrand Beds, and as we can only 
argue scientifically from the known to the unknown, I tiiink that logically 
I was quite justifíed in arguing from the results of the Townlands bore- 
holes, at Heidelberg, that the reef wjiich was intersected at 1,943 feet 
belonged to the Government Reef Series, as we know that the shale bed 
of the Government Reef Series carries a more or less persistent reef for 
many miles along the Rand. Since that date, 1 may say that 1 am more 
than ever convinced that this reef which was struck at 1,943 feet is the 
Nigel, or as we must now call it, the Main Reef, but I would point out 
that there is no section along the Rand which oorresponds with this 
occurrence. 

Equally remarkabie, I think, as an evidence of change in the nature 
of the beds in the Upper Witwatersrand Formation, is the very marked 
difference between the shales outcropping at the Van Ryn and the Rand 
Nigel mines, beneath the Main or Nigel Reef. At the Van Ryn the shale 
i^ soft, highly laminated, and fissile, and absolutely free from visible 
crystals of magnetite, while at the Rand Nigel the shale is hard, has a 
more or less conchoidal fracture, and shows visible magnetite crystals 
freely, in which characteristics it resembles the shale of the Government 
Reef Series on the West Rand. These facts, I think, deserve notice, as 
they point out the great liability to alteration in the general character 
cf beds in the Witwatersrand Formation in distant localities. 

My final remark is in connection with Dr. Henderson's use of the 
term ^^probable apei of the Main Reef Series" in his contour plan, as 
the term '* apei," meaning sub-outcrop, is purely an American one, used 
in coal mining, and has never hitherto been employed in this country. 
It may, therefore, be mistaken for the outcrop as projected to surface, and 
by comparison of two contour maps a very great divergence of opinion 
might be supposed to exist by non-professional people, whereas there is 
little or none : for instance, if the Main Reef Series be projected to sur- 
face from Dr. Henderson's *' apex," according to the evidence of Boreholes 
Nos. 1, 2 and 3 on Droogefontein, it will be found that the projected out- 
crop is about 12,000 feet east of the south-western corner beacon of that 
farm, and therefore corresponds most closely with my own contour, as 
published in the Geological Sketch Map accompanying my report on the 
Lace Proprietary Mines, Limited, of May, 1904, whereas, by merely com- 
paring Dr. Henderson's contour map with mine, ít would appear at first 
sight that the boreholes on Droogefontein indicated a very considerable 
degree of inaccuracy in my deductions, while they have actually proven 
these deductions to be remarkably correct. I think I am justified in 
making these remarks, as my contour map was the first contour map 
published of the far East Rand. 
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In conclusion, I need onlj add that I think that all the members of 
this Society must be grateful to Dr. Henderson for his very int^resting, 
carefully elaborated, and clearly written paper. 

Dr. F. H. Hatch also took part in this discussion. He said 
Dr. Carrick's admission of the identity of the Nigel with the Main 
Reef was a handsome one. He regretted that Dr. Henderson was not 
present in person to reply to Dr. Carrick ; but in answer to Dr. Carrick's 
query, he (the speaker) might say that the distinction between the foot- 
wall slates of the Kimberley Series and those of the Main Reef was fírst 
pointed out by himself in his paper on the *' Extension of the Main Reef 
Eastwards," where he showed that tEe Kimberley Slatês under the micro- 
scope were found to be full of minute cryBtals of rutile, which as far as 
his experience went were absent in the Main Reef slates. 

Dr. Geo. S. Corstorphine, on behalf of Mr. A. W. Rogers, read a 
paper, entitled ** The Campbell Rand and Griquatown Series in Hay." 
This was illustrated by a map, section, photographs and specimens. 

In discussing this paper, Dr. F. H. Hatch said that by the discoyery 
of glacial beds in the Griquatown Series Mr. Rogers had furnished proof 
that there had been three glacial periods in South Africa. 

Mr. A. L. Hall read a paper by himself and Dr. W. A. Humphrey 
on " The Black Reef Series and the Underlying Formations in the Neigh- 
bourhood of Kromdraai and Zwartkop, North of Krugersdorp." This 
was iUustrated by a map, section, photographs and specimens. 

With reference to the above paper, Mr. Kynaston made the following 
remarks : — 

I have been very much interested in this paper, and I would like to 
say that I consider the evidence brought forward by the authors is strongly 
in favour of the Zwartkop Series being distinct from the Lower Wit- 
watersrand (quite apart from the relation of either to the granite), and 
belonging to Dr. Hatch's Swaziland System. Mr. Hall gives a thickness 
of about 1,200 feet for the Zwartkop Beds, whereas the thickness of the 
Lower Witwatersrand Series is given by Drs. Hatch and Corstorphine 
Hs from 10,000 to 12,000 feet, and if the two series were the same it would 
be difficult to account for such a rapid diminution in such a comparatively 
short distance. Apart from this, there is certainly a general resemblance 
between the two series, but this is apt to break down on closer inspection, 
since, if we should act upon this resemblance and correlate the banded or 
*'calico" rock with the Hospital HiU Slates, we find that the quartzíle 
which should in that case correspond to the Hospital Hill or **green" 
quartzite is below the zone of striped rocks, instead of above them, as it 
ought to be. Further, the recognised base of the Lower Witwatersrand, 
as indicated by the Orange Grove quartzite escarpment to the south, ap- 
parently continues westward, and does not bend round to the west side 
of the granite, as we are led to infer not only from Dr. Hatch's map of 
the Southern Transvaal, but also from the recent map of the whole Colony, 
published in " The Geology of South Africa," while it is stated in the text 
of that work that the granite boss is limited on the west, as well as on 
the south, by the outcrop of the Witwatersrand Beds. But in view of 
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Messrs. Hall and Humphrej'B evidence, I do not suppose that Drs. Hatch 
and Corstorphine will be prepared to maintain this view. 

Dr. Hatoh congratulated the authors on a very useful piece of 
mapping, and said that he was quite prepared to aooept the Zwartkop 
rocks as a portion of the Swaziland System, especiallj as these rocks showed 
evidence of contact with the granite. 

In describing the Ventersdorp Beds, the authors had apparently 
omitted to mention the presence of boulders of banket derived from the 
Witwatersrand Beds. One large boulder, he remembered, contained bo 
much gold that some prospecting operations had even been started on it. 

One interesting feature of the paper was the description of the north 
and south syenite dykes. The speaker had observed dykes belonging to 
this system in the valley immediately south of the Magaliesberg, and had 
alwajs supposed that these were connected with the Wonderfontein dykes, 
which had the same strike. It appeared as if the whole of this portion of 
the country was traversed by a great system of north and south dykes of 
intermediate petrological character. 

Dr. Carrick agreed that the outcrops beneath the Black Reef along 
the nortH of the granite belonged to the Swaziland System, but he was 
not yet prepared to accept the Zwartkop oufcrops as part of that system. 

The President, in conveying the thanks of the Society to Messrs. Hall 
and Humphrey for their interesting paper, said that he thought this 
separation of the Zwartkop rocks from the Witwatersrand System would 
probably prove correct. Seeing that the Orange Grove escarpment ran 
continuously westward south of the Zwartkop outcrops, the authors had 
certainly presented a simple solution of wEat otherwise would be rather a 
diflScult problem. 

The President then stated that the foUowing brief information forms 
part of a letter, dated 22nd January, to Mr. A. von Dessauer from Dr. 
R. Beck, Professor of Geology at Freiberg, one of the British Association 
visitors : — 

**. . . Quite new amongst my observations is proof of the 

presence of Mastodon remains in the Quarternary diamondiferous 

formation of Barkly West. A communication on this wiU shortly 

appear in the Geological Magazine.'' 

Prior to the conclusion of the meeting, Mr. J. G. Jjawn referred to 
the approaching departure from South Africa of Dr. Hatch, and wished 
him a pleasant journey and a prosperous future. He also referred to 
Dr. Hatch's services to the Society, particularly in oonnection with the 
publication of the Transactions, and to the work which he had done in 
stimulating geological inquiry in South Africa. 

Mr. J. H. Ronaldson endorsed the sentiments expressed by Mr. Lawn, 
and stated that he felt sure he was voicing the feelings of members in 
wishing Dr. Hatch every success and happiness in his new sphere of 
work. 

Dr. Hatch suitably responded, and the meeting then terminated. 
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Monthly Meeting, held in the Council Chamber, Chamber of 
Mhies, Johannesburg, on Monday, 12th March, 1906, 
at 8.15 p.m. Dr. Geo. S. Corstorphine, President, in the 
chair. 



The Minutes of tlie Ordinary Monthly Meeting, held on 19th February^ 
1906, were read and confirmed. 

Replying to Dr. J. T. Carrick's criticism on his paper — '* New Facta 
on the Extension of the Main Reef Eastwards,'* Dr. J. McClelland Hender- 
son said : — 

In replying to Dr. Carrick's comments on my recent paper on the 
'* Extension of the Main Reef Eastwards," may I first of all thank him for 
his kindly criticism of the facts brought forward and my deductions there- 
from. 

As Dr. Carrick has accepted the evidence of the drill, and no longer 
combats the theory that the Nigel represents the Main Reef in the Far 
Ëast, there is no need for f urther discussion on that head. It is significant 
that further confirmation has been given to this theory by the result of 
recent work in the Heidelberg district, and the publication of the facts, 
when secrecy is no longer required, will be awaited with great interest. 

As regards the microscopic description of the two slate beds, the Kim- 
berley Basement and the Main Reef Footwall Slates, my paper has already 
quoted the previously published work on this particular subject, which I 
had studied ; for the f urther work of determining the microscopio differ- 
ences between the two slate beds, I can only refer to the results of the 
comparisons I have been able to make as given in my paper. This subject 
is, of course, one which offers opportunity for much interesting 
investigation. 

I would like, however, to repeat in passing thát the microsoopic 
differences in thje slates are by no means the only evidence available in 
assigning the two reefs encountered in the Daggafontein borings to the 
Kimberley and Main Reef Series rspectively. We have also the highly 
important fact that the regular and usual sequence of strata is 
enoountered between the Kimberley and Main Reef Series, as is shown in 
the seotions accompanying my paper. 

The remarks made by Dr. Carrick as to the differenoes that obtain 
in the characteristics of the Main Reef Footwall Slates in the Rand Nigel 
and in the Van Ryn are of interest. It is my experience, however, that 
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specimens of slates whose fracture shows in places a tendency to íissility 
and in other places afifects the conchoidal may frequently be found in 
core from one and the same borehole, so great is the variation in the 
character of samples which may be taken f rom the slate bed. As to the 
occurrence of visible magnetite crystals, I have noted these to a small 
extent in microscopic sections taken from the Daggafontein slates, as well 
as from the Nigel field; I have not, however, had an opportunity of 
examining such sections from the Van Ryn. 

Regarding the use of the term *' apex," for which Dr. Carrick is 
inclined to call me in question, may I state that I have never before heard 
cf its special application to coal seams, nor does the detinition which I 
shall quote below imply any such restricted application of the word. 
Lock^s Miner's Pocket Book, which is in the hands of most English mining 
students, and published by E. & F. Spon, London, defines ** apex " as the 
'*end or edge of vein nearest surface." That the term originated in 
America is acknowledged. 

Further, I do not quite foUow the objection that the term '* apei " 
may be *' mistaken for the outcrop as projected to surface." It appears 
to me that there can be no question of mistake in this connection, but that 
the apex actually is what Dr. Carrick says it may be mistaken for — ^that 
is, the apex is the outcrop or sub-outcrop projected to surface. That 
being my opinion, I regret that it is impossible for me to concur when 
Dr. Carrick goes on to say that if the Main Reef Series be projected to 
surface from my ** apex," then it will be found, to quote his own words, 
'* that the projected outcrop is about 12,000 feet east of the south-western 
corner beacon of that farm (Droogefontein), and therefore corresponds most 
closely with " his contour, as published in the Geological Sketch Map 
accompanying his report on the Lace Proprietary Mines, Limited, of May, 
1904. Now I contend that if the word ** project " is used in its correct 
ae.nse, then my *' apex " or *' sub-outcrop " contour line is already projected 
to surface on the plan given with my paper to which Dr. Carrick refers, 
and measurement wiU show that instead of 12,000 feet, it is not half that 
distance east of the south-western corner beacon of Droogefontein. 

To my mind, a projection to surface on a plan is of necessity projected 
on vertical lines; the plan of a mining property is thus generally under- 
stood practically to represent a horizontal plane on to which the underlying 
strata, or ore deposits, etc, as the case may be, can be vertically projected ; 
the vertícal boundaries of the mineral deposit, or whatever geological 
Btratum the plan in question may be intended to illustrate, are in this way 
seen at a glance. That being so, the uppermost limits of the Main Reef 
Series on my map are thus projected, giving the contour line as there 
indicated and differing frora Dr. Carrick's contour line in some places by 
many thousands of feet. 

I presume the meaning is, that were the Main Reef Series continued 
to surface through the overlying beds of the Doloraite Series with the 
«ame angle of dip which obtains at the sub-outcrop or apex, then the con- 
tour line would be as indicated on Dr. Carrick's map. If such is the case, 
however, there is a technical misuse of the term ** projection," and some 
such word as ** continuation " should be employed in its place. A refer- 
ence to the two accompanying rough sketches, showing an ideal section 
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and plan, wiU illustrate my meaning. A projection should show where 
the reef series or other strata depicted actually exist, and must define its 
vertical boundaries, whereas Dr. Carrick's " projection " depicts the reef 
beyond its vertical boundaries, or rather where the evidence at our disposal 
to date leads us to believe that it does not eiist. 

May I be t-Uowed to remark in passing that it seems to me a matter 
of regret if we have to quote or refer to maps or opinions contained oniy 
in private reports, for the discussion of such by the Society involves the 
adraission of a principle which, if conceded in one case, must be conceded 
in all, and might conceivably place the Society in the difficult position of 
appearing to take sides and lend the weight of its authority in a business 
proposition, with which as a scientific body it has no concern. To safe- 
guard ourselves, therefore, wherever possible, we ought to make a point 
of submitting our information through the regular -channel of the 
Transactions, so that in the discussion there need be no hesitation, or fear 
of treading on delicate ground. 

In conclusion, I must again thank Dr. Carrick for the interest he has 
taken in the paper now under discussion, while looking forward with 
interest to the time, I hope at no distant date, when he will be f ree to give 
the Society the results of his long experience in the eastern region of the 
Witwatersrand. 

Mr. I. Thord-Gray referred to the remarks made by Mr. G. G. Holmes 
in his paper on ** The Pretoria Series in the Marico District," relative to 
the contemporaneous character of certain igneous rocks, and said that 
according to his observations in the Lydenburg District the amygdaloidal 
diabase was a subsequent intrusion. Mr. Holmes stated that his remarks 
referred to a specified bed of amygdaloidal diabase which he thought was 
contem por aneou s. 

In the absence of the author, Mr. J. P. Johnson's paper, entitled 
' * The Main Reef Horizon on the Eastern Edge of the Witpoortje Break," 
which was accompanied by a map, was taken as read. 

Mr. H. Kynaston read a paper on " The Geology of the Neighbourhood 
of Komati Poort." This was illustrated by a map, section and specimens. 
His '* Note on the Work of the Geological Survey of the Transvaal " was 
taken as read. 

The President stated that the following reply had been left 
by Dr. Hatch, who felt glad that Mr. Kynaston had brought this 
matter forward, as he did not wish it to be supposed that he had a poor 
opinion of the work of the Survey. On the contrary, he was quite con- 
vinced that in whatever part of the country the Survey might be mapping, 
it would be doing good work. The poinl he wished to emphasise was that 
as the usually accepted relation of the Witwatersrand Beds to the granite 
had been criticised by the Director of the Survey, he thought it the duty 
cf the Survey to take steps to establish the true relation between these two 
formations. Messrs. Hall and Humphrey's recent paper was a distinct 
contribution to the solution of the question, for they showed that what 
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they had termed the Zwartkop rocksy which they considered to be a 
portion of the Swaziland System, showed evidence of the intrusion of the 
granite by the presence of small veins or apophyses. Such apophyses 
had never been found in the Orange Grove Quartzites, which 
strengthened the contention of Dr. Corstorphine and himself that tho 
Witwatersrand System was younger than the granite on which it reposed. 
Messrs. C. Baring Horwood, J. H. Ronaldson, and Geo. S. Corstorphine 
took part in the discussion on the first of these two papers. 

Mr. R. B. Young read a paper .by himself and Mr. J. P. Johnson, 
entitled ** Glacial Phenomena in Griqualand West," which was illustrated 
by a map and photographs. 

This concluded the business of the meeting, which terminated with a 
vote of thanks to the various authors for their contributions. 



Monthly Meeting held in the Council Chamber, Chamber of 
Mines, Johannesburg, on Monday, 9th April, 1906, 
at 8.15 p.m., Dr. Geo. S. Corstorphine, President, in the 
Chair. 



The Minutes of the Ordinary Monthly Meoting, held on 12th March, 
1906, were read and confirmed. 

The under-mentioned gentlemeu were ballotted for, and elected 
menibers of the Society: Messrs. J. E. M. Davies, F. Dunning, H, E. 
Jones, P. W. Long, and Thomas Wotherspoon. 

In discussing Mr. H. Kynaston's paper on *' The Geology of the 
Neighbourhood of Komati Poort,'* Mr. C. Baring Horwood said: — 

There is one portion of Mr. Kynaston's paper on which I would 
like to make a few remarks. 

Dr. Molengraaff was, I believe, the first to state that micropegmatite 
sructure was one of the characteristics of thc Newer Red Granite, and 
that this structure was unknown in the Old, or Basement, Granite.^ 

About a year or more ago, I was fortunate in securing some fresh 
specimens of the Old Granite from Orange Grove at a place where 
the stone had been blasted. From several sections which I had cut, and 

* Vide Report of tlie State (ie<)lojxist, S.A.K. (1897), English trouslation ; also, 
" Geology oí the Transvaal," p. 44. 
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whicb I examined under the microscope, I found that, here and there, 
small patcheB occurred showing good granophvric structure of the quartz 
and feLspar. 

Also, I have observed good granophyric structure in sections which 
I have examined from pink varieties of the Old Granite, occurring near 
the Yokeskej River on the farms Rietfontein (15) and Driefontein (461), 
situate in the central portion of the big granite boss between Johannes- 
burg and Pretoria. I have already, in June of last vear, called atten- 
tioii to these facts.^ Although, therefore, the presence of micropegmatite 
caii no longer be considered a distinguishing characteristic of the Newer 
Red Granite, yet it undoubtedly is present there in far greater abund- 
ance than in the Old Granite. 

To niy niind, a niore characteristic feature is the absence of micro- 
cline in the Red Granite, as it is alniost always present in the various 
dykes of the Older, or Basement, Granite. 

Dr. S. G. C. Sandberg, referring to Mr. Eynaston's ** Note on the 
Work of the Geological Survey," suggested that the attention of the 
Survey niiglit well be turned to the variation in facies of the beds of 
any particular systeni. So far, in the Transvaal, little had been done 
in this (lirection, as niost of the work had been carried out by practical 
geologists, who had not the opportunity of tracing the sanie beds over 
wide areas. Dr. Sandberg expressed his high appreciation of the work 
carried out by the staff of the Transvaal Survey, and brought forward 
the above as a suggestion rather than a criticism. 

Mr. Eynaston stated that he would consider the suggestions made 
by Dr. Sandl)erg, and would endeavour to submit a reply at the next 
monthly meeting of the Society. 

Mr. A. L. Hall read a note by himself and Mr. T. G. Trevor on 
cortain serpentine rocks occurring north of Pietersburg, in which 
diamonds were alleged to have been found. 

Mr. E. Jorissen read a paper, entitled ** Structural and Strati- 
graphical Notes on the Elerksdorp District, with Special Reference to 
the Unconformity beneath the Elsburg Series." This was illustrated 
by a map, sections, specimens, and photographs. 

Messrs. J. G. Lawn and D. Wilkinson took part in the discussion 
on this paper, and the President congratulated Mr. Jorissen on the 
detailed manner in which he had dealt with his subject. 

Two papers, entitled *' Eoliths from Leijfontein, Herbert,'' and 
*'The Helation of the Ancient Deposits of the Vaal River to the Palflpo- 
lithic Period of Sonth Africa,'* by Messrs. J. P. Johnson and R. B. 
Young, were, in the absence of tliese two gentlemen, taken as read. 

Tho meeting then terminated with a vote of thanks to the various 
authors for their interesting contributions. 



^ "The Witwatersrand antl Af«SLCÍate<l Beds," pp. 65, 67 and 68. 
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Monthly Meeting, held in the C!ouncil Chamber, Chamber of 
Mines, Johannesburg, on Monday, 14th May, 1906, at 
8.15 p.m. Mr. J. G. Lawn, Vice-President, in the chair. 



The minutes of the Ordinary Monthly Meeting, held on 9th April, 
1906, were read and confírmed. 

The under-mentioned gentlemen wore balloted for, and elected 
members of the Society: Messrs. E. D. Berrington, W. F. H. Dudgeon, 
A. Goldman, and F. A. Unger. 

The Chairman announced, that after very careful consideration, 
the Council, with Mr. Draper's consent, had decided not to present the 
Draper Medal this year, but to hold it open for competition for another 
year, the conditions of the competition remaining the same as originally 
set down. (See Proceedings of the Geological Society of South Africa, 
1905, page xxxviii.). 

No discussions being forthcoming on the papers read at the two 
previous meetings, Mr. R. B. Young read a paper, entitled " The 
Calcareous Rocks of Griqualand West " (with analyses by G. H. 
Stanley). 

Mr. Young stated that he had been unable to exhibit the various 
specimens referred to in his paper at the meeting, but these could be 
seen at the Transvaal Technical Institute, Johannesburg, by those 
desirous of examining them. 

A paper, entitled * ' Geological Notes on a Portion of the Bushveld 
in the Neighbourhood of the Junction of the Elands and Oliphants 
Rivers," and which was iUustrated by a map, section, specimens and 
photographs, was read by Mr. W. J. Gau. 

Messrs. E. T. Mellor, H. C. Dunue and J. McC. Honderson took 
part in the discussion on this paper. 

Mr. E. T. Mellor read a paper on *'The Origin of Wash-outs in 
Coal Mines, and their relation to other features of the Transvaal Coal 
Measures," which was iUustrated by diagrams. To this were added a 
few remarks on '* The Origin of Pans." 

Messrs. J. G. Lawn, H. S. Harger, J. T. Carrick, J. McC. 
Henderson, R. B. Young and J. A. L. Henderson took part in the dis- 
cussion on this paper. 

A vote of thanks having been accorded to the various authors for 
their contributions, the meeting then terminated. 
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Xlviil. PROCEEDINGS OF THE GEOLOGICAL SOCIETY OF SOUTH AFRICA. 



Monthly Meeting held in the Council Chamber, Chamber o£ 
Mines, Johannesburg, on Monday, 16th July, 1906, 
at 8.15 p.m., Mr. J. G. Lawn, Vice-President, in the 
Chair. 



The minutes of the Ordinary Monthly Meeting, held on Hth May, 
1906, were read and confirmed. 

The undermentioued gentlemen were balloted for, and elected 
members of the Society : Messrs. J. Chilton, S. J. P. Eloff, W. H. 
Jeffreys, H. L. Leupold, W. B. Nash, J. L. Popham, and Thomas Thefon. 

The Chairman announced that a slight alteration had been made in 
the conditions for the competition of tho Draper MedaL The age limit 
had been increased from 33 to 35 ycars, and he asked members to take a 
uoto of this alteration. 

A specimen of cyanite-bearing rock found in the Roberts Victor 
Diamond Mine, Damplaats district, Boshof, O.R.C., was submitted and 
exhibited by Mr. E. H. V. MelvilL The foUowing description received 
by Mr. MelviU from Professor Dr. Beck, of Freiberg, Germany, to whom a 
similar specimen had been sent, and which had been translated by Dr. 
Greo. S. Corstorphine, was read : — 

The cyanite-bearing rock from the Damplaats Pipe is one of the most 
remarkable and beautiful rocks which have ever come into my hands. 

In a light grey ground mass there lie sky blue grains of cyanite with 
distinct macro- and brachy-pinacoidal cleavage, and orange-coloured 
grains of garnet. Under the microscope the matrix consists of a mass of 
plagioclase in lath-shaped individuals, showing repeated twinning, and 
of light green translucent pyroxene. There are besides, numerous small 
crystals of spinel, which is also found as an enclosure in the plagioclase 
and pyroxene. Several largish rutile grains were noticed. 

The cyanite is often intergrown with a doubly refractive greyish 
mineral occurring in largish grains, but which, owing to alteration 
into a finely fibrous secondary product, cannot be definitely determined. 

On the edge of the cyanite one frequently observes fibrous rods of a 
dull blue translucent mineral, also not definitely determinable. It 
abounds in the fresh cyanite. The rods are too small to be certain that, 
as I presume, it is a variety of hornblende closely related to glaucophane. 

The structure of the rock gives one the impression that an old 
cyanite garnet rock had been included in a diabase eruptive magma, and 
thus undergone contact metamorphism. 
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JOHNSON : DISCUSSION ON E. T. MELLOR's PAPER. xlix. 

The Secretary read on behalf of Mr. J. P. Johnson the following 
discussion on that portion of Mr. E. T. Mellor's paper on *' The Origin 
of ' Wash-outs ' in Coal Mines, and their relations to other features of 
the Transvaal Coal Measures/' dealing with the origin of pans: — 

Mr. Mellor's remarks on pans have a special interest to me. The 
country from which I write — the neighbourhood of the Roberts Victor 
Diamond Mine — is par exrelíence a country of pans. I have arrived at 
certain definite conclusions regarding these pans, and should be glad 
to know whother they are also applicable to the area he refers to, or 
whether the geological conditions there are at all antagonistic to them. 
They are, briefly: (1) That all pans are on the site of springs; (2) That 
all pans are intimately connected with dykes ; (3) That these springs 
once came to the surface, and were the main factor in the formation of 
the pans ; (4) That in many cases they still rise to within a short distance 
of the surface : (5) That these springs are due to the damming back of 
underground water by dykes. I may aífd that I am satisfied of the 
correctness of tliese views, so far as this district is concerned. 

Messrs. C. Baring Horwood and R. B. Young also briefly discussed 
the above paper. 

A '* Note on Some Stone Implements found near Klerksdorp,'' by 
Mr. Ivor Guest, was read on the author's behalf by the Secretary. In 
this the author described a locality where the Schoon Spruit had eroded 
for itself a bed in the amygdaloidal diabase, and where scattered chert 
implements in different stages of their manufacture were found by him. 
A sketch of the implements referred to accompanied this note. 

Dr. C. Sandberg read a paper entitled *' Tectonical Remarks on the 
probable big Tygerberg Inverted Fold, and on the relative position 
between the Witteberg Quartzites and the Dwyka and Ecca Series in the 
Prince Albert District of the Cape Colony.'' This was illustrated by 
various sections and photographs. 

Mr. G. G. Holmes read a paper, entitled '* The Geology of the 
South-Western Transvaal," which was accompanied by maps and a section. 

There being no further business, the meeting then terminated with a 
vote of thanks to the various authors for their contributions. 



Monthly Meeting, held in the Council Chamber, Chamber of 
Mines, Johannesburg, on Monday, 20th August, 1906, 
at 8.15 p.m. Dr. Geo. S. Corstorphine, President, in 
the chair. 

The Minutes of the Ordinary Monthly Meeting, held on 16th July, 
190G, were read and confirmed 

The under-mentioned gentlemen were balloted for, and elected mem- 
bers of tlie Society : — Messrs. A. Crosby, P. R. Evans, C. K. Digby Jones, 
A. G. Lambert, P. M. Newhall, H. F. Strange, and P. C. E. Meerum 
Terwogt. 
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1. PROCEEDINGS OF TIÏE GEOLOGICAL SOCIETY OF SOUTH AFRICA. 

Mr. P. A. Waguer exhibited some specimens of granite and pegmatite 
which he had brought from the De Beers Mine, Kimberley, between the 
2,040 ft. and 2,440 ft. levels. Mr. Wagner described them and the 
localitj from which they had been obtained. Messrs. J. G. Lawn, A. von 
Dessauer, and Dr. Geo. S. Corstorphine also spoke on these specimens. 

Mr. A. von Dessauer discussed Mr. G. G. Holmes' paper on " The 
Geology of the South-Western Transvaal.' He said : 

When dealing with the quartzites underlying the diabase, Mr. Holmes 
romarks that he had no opportunity of tracing these beds between the 
points north and south-west of Wohnaranstad ; this opportunity was to 
some extent afforded to me. On Vlakpan, four miles north of the said 
village, a series of alternating quartzifes and shales, the hitter four in 
number, 10, 150, 60, and 100 feet wide respectively, occur with a strike 
10® north of west and a dip of 40° north. A 10 in. to 15 in. conglomerate 
bed rests on the lowest shale l)ed. It contains from traces to a couple of 
dwts. of gold. On entering Uitkyk, this series takes a sharp turn to the 
iiorth-west, always forming a prominent líscarpment of about 200 ft. 
above the diabase of the plains. 

Another five miles further north there is on the top of the plateau a 
quartzitic formation on Luccaskraal, with a fairly large banket-bed, strik- 
ing north-east to south-west, and dipping slightly to the south. And 
again six miles to the west an escarpment, running parallel to and close 
to the northern boundary of W^eltevreden No. 33, is formed by hard 
quartzites and shales, which greatly resemble the formation on Vlakpan 
and Uitkyk. They dip, however, 5° south. 

I had no opportunity of making a close study of tlieir age, but I feel 
iiíclined to look on someof them as l)elonging to tlie Witwatersrand perioii, 
with the exception of some of the strata on Luccaskraal, which may l)e 
ycunger. 

Immediately to the south of tlie hilis of Vlakpan, and parallel to the 
strike of the sedimentary formation, is found a continuous occurrence of 
ttniygdaloidal diabase of the comnion type ; the contact of these rocks was 
nowhere exposed, being unfortunately hidden by subsoil. A short distance 
f urther south of the probable position of this contact, there occurs in this 
diabase a zone, several hundred feet wide at places, of a peculiar brec- 
ciated character. It contains innumerable fragments of shales and quart- 
zites of all sizes, up to dimensions of a foot and more each way ; a few of 
them rolled and rounded, the major portion, however, sharp-edged and 
nngular. These enclosures are probably derived from the sedimentarv 
formation above described, but some are shales of a type not apparent 
therein, being of a more highly ferruginous type almost resembling the 
banded iron-stones. Tliis zone may indicate an intrusion of the diabase 
and not merely an overflow. 

On the farm Karreepan No. 137, about 15 miles due west of Wolmar- 
niistad there is a saltpan, froni which tlTe farm obtains every year several 
liundred bags of good salt ; the eastern side of the pan is forraed by the 
same amygdaloidal diabase, the southern appeared to consist of stratified 
rocks, but I could not visit it. 
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beck: some observations on african ore deposits. li. 

Mr. A. vou Dessauer callcd the atteution of the Society to the fact 
that Dr. lieck, Professor of Geology at Freiberg, who was oue of the 
guests ut the British Associatiou uieetiug last year, had receutly written 
a paper entitled '' Some Observatious on Africau Ore Deposits," 
which had beeu published iu the June uumber of the Zeitschrift fiir 
Vraktische Geologie^ While regrettiug that Professor Beck had uot so 
far sent auy coutributiou direct to the Geological Society, Mr. vou Des- 
sí;uer oonsidéred that the paper referred to contaiued a good deal which, 
if trauslated aud briefly summarised, might be iuterestiug to members. 

The paper deals íirst with the various tiu deposits of South Africa, 
v'hich, however, Professor Beck had uot himself visited, but which lie 
described from specimeus which had been giveu to him, and by reference 
to the writings of various local geologists. Like mauy others, Professor 
Beck fiuds a great similarity betweeu the geological couditions prevailing 
at Ëukeldooru aud those of the tin deposits at Ziuuwald in the Erzgebirge, 
a resemblauce which becomes even greater in the case of the Vlaklaagte 
deposits. He Hudíf that the felsite of Vlaklaagte plays the same part as the 
Teplitz quartz-porphyry, the oldest rock at Zinnwald. The red Bushveld 
granite has broken through the felsite, just as the grauite-porphyry has 
through the quartz-porphyry at Ziunwald, and in both cases medium or 
fiue-grained grauites are the most recent intrusions. 

Professor Beck gives tlie microscopic cliaracters of the Bushvehl 
granite, aud notes the grauophyric structure of the quartz aud the felspar. 
Hc fiuds that the grey grauites have, uuder the microscope, no resembhiuce 
to the red granite. Their structure resembles that of the aplites, and 
they show no grauophyric structure. Two of the coustitueuts, uamely, 
fiuorspar and tin-stoue, are referred to hiter pneumatolytic action. The 
quartz fissure veius with interspersed cassiterite iu the grey grauites at 
A laklaagte resemble those of Ziunwald iu being accompauied by zoues of 
gieisen sometimes very rich in tin-stone, a condition which prevails also in 
Coruwall. Oue of the specimens given to Professor Beck is, he states, very 
like the richest greiseu of the celebrated Reicher-Trost-Fuud Mine of 
Zmnwald. Describing the greisen, Professor Beck says that, like the 
Zinnwald rock, it retains no trace of the origiual felspar. The prevailing 
mineral is quartz, sometimes iu reguhirly polygonal grains recalliug the 
mosaic structure of coutact rocks. The mica is pale yellowisli, occurríng 
in hexagonal flakes with zonar structure and showing a fairly large axial 
angle. It i?; usually groupe<l iu bunclíes, sometimes even in perfect rosettes. 
Professor Kolbeck, of Freiberg, found on chemical analysis that it con- 
tuined no lithium. Topaz occurs in some seetions. The tin-stone crystals 
show good twinning and fairly well develoj^ed cleavacre, and sometimes 
oocur in tlie form of the so-called '* Visiergraupen." Professor Beck 
refers to a specimen of decfmiposed Buslivekl granite from Rooipoort as 
containing arsenicid pyrites with tlie tin-stone— a further analogy with 
the deposits of the Erzgebirge, as for instance those of Geyer. Professor 
Beck further described some specimens of tin-ore from Swaziland which 
h;^ received from Dr. Voit, especially a specimen of an andesine rock con- 
taining small veins of cassiterite, a peculiar occurrence to which he coukl 
cite no paralleL 
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lii. PKOCKEDINGS OF THE GEOLOGICAL SOCIETY OF SOUTH AFRÏCA. 

Of the gold ores, Professor Beck describes the rock of the Ayrshire 
Mine, Lomagunda, Mashonaland, which he states to be hornblende-gneiss 
containing gold enclosed in orthoclase, plagioclase, quartz, hornblende, and 
epidote. He regards the gold as having been present before the meta'» 
nr-orphisni of the schist, wliich centains — iii addition to the above-named 
minerals — ilmenite, titanite, biotite, magnetic pyrites, pyrites, and 
graphite. 

The conglomerate of the Eldorado Mine is also described. It consists 
of pebbles of granite, quartzite, and otlier crystalline rocks lying in a 
matrix having the composition of a biotitc-amphibolite, rich in quartz. 
The more silicious portions of the cement show the typical mosaic struc- 
tiire (Ptlaster-Struktur) of metamorphic sediments. Magnetic iron in 
abundanco and some pyrites occur in streaks with the gold. Professor 
Beck states that tliere is not the sliglitest resemblance between tlie Ëldorado 
rock, to wliich the name **banket" has been applied, and the conglom- 
erates of the Kand. 

The Rand conglomerates are not dealt with in paHicular detail, Pro- 
fííssor Beck remarking that his own observations entirely confirm those 
presented to this Society by Drs. Hatch and Corstorphine in 1904. 

In conclusion, Professor Beck refers to the Tarkwa conglomerate of 
Wassau on the Gohl Coast. In the cement of this rock he found numerous 
quartz granules, muscovite (sericite), chk)rite, a mineral allied to chlori- 
toid, ilmenite, and magnetite, the latter partially encrusted with hematite, 
vcry oceasional zircon in small rolled crystals, tourmaline, corundum, and 
native gold. 

In thanking Mr. von Dessauer for bringing forward this summary the 
President referred to some of the remarks made by Dr. Beck as to the 
character of the rock in the Ayrshire Mine. He said that he had 
recently had an opportunity of visiting that mine, and from the observa- 
tions he had made, he thought some mistake had been made in the 
specimens sent to Professor Beck, for the rock mined is distinctly a diorite. 
Continuing, he said that he was glad that Dr. Beck emphasised the mis- 
application of the term ** banket,'' as applied to the Bhodcsiani con- 
glomerate, for nothing could be more misleading, particularly to non- 
technical people, as it was calculated to give the impression that the 
formation of this conglomerate was the same as that of tlie Rand. The 
gcld in tlie conglomerate of Rhodesia was present in chutes and veins, 
as in a quartz reef, and it did not possess the continuous distributian 
characteristic of the Witwatersrand MaÍTi Reef. 

A paper by Mr. E. T. Mellor, entitled '' The Position of the Transvaal 
Coal-Measures in tlie Karroo Sequence," was read on the author's behalf 
by Dr. Corstorphine. 

Messrs. T. N. Leslie, J. G. Lawn, and the reader took part in the dia- 
cussion on this j^aper, and a vote of thanks was passed to the author for 
his interosting contribution. 

There being no fnrther business, the meeting then terminated. 
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ROOBRS : REMARK8 ON TTGERBBRG FOLD. Hii. 



Monthly Meeting held in the Council Chamber, Chamber o£ 
Mines, Johannesburg, on Monday, lOth September, 1906, 
at 8.15 p.m., Dr. Geo. S. Corstorphine, President, in the 
Chair. 

The ininutes of the Ordinary Monthly Meeting, held on 20th 
August, 1906, were read and confírmed. 

The under-montioned gentlemen were balloted for, and elected 
members of the Society: Messrs. H. Baerecke, P. C. Baerveldt, C. 
Distel, M. G. Elkan, R. Heymann, A. G. Maclatchy, E. Meister, A. 
StoUreiter, W. Vogts, H. B. White. 

The Chairman announced that so far one paper had been 
entered for the Draper Medal Competition, and reminded members 
that papers would be admitted for this competition up tiU the end of 
March, 1907. 

The following remarks on Dr. Sandberg's paper on the Tygerberg 
Fold were submitted by Mr. A. W. Rogers: — 

The section drawn by me ('* Geology of Cape Colony," p. 50, fig. 6), 
and referred to by Dr. Sandberg, does not touch the Tygerberg 
anticline; it extends as far north as the Sand River Yalley, and 
Tygerberg lies some 3^ miles furthjer north. The southern of the two 
Witteberg areas traversed by the section is the main range of the 
northern foot hills of the Zwartsbergen, and the northern Witteberg 
area is that on which Bailey's Trig. Station, '* Peak near Prince 
Albert's Village," stands. I am obliged to make this clear, for Dr. 
Sandberg appeals to this section in support of his view that the flats 
south of Tygerberg are cut in Witteberg Beds. I have no personal 
knowledge of Tygerberg, but I have traversed the country just to the 
east and to the west of the range. The position of Tygerberg, as seen 
from the Dwyka anticline east and west of the range, is just in the 
place it should be on the views as to its nature held by Mr. Sawyer 
and Prof. Schwarz; and the syncline of Ecca Beds suppoaed to lie in 
the Sand River Yalley certainly exists on the same strike east and 
west of the country immediately south of Tygerberg. 

In his Table of Strata, Dr. Sandberg apparently draws the line 
between the Witteberg and Dwyka Series through the middle of what 
the Cape Survey has called the ** Lower Dwyka Shales"; now, though 
this limit, i.e.f the top of the highest massive band of quartzites, is 
an arbitrary one, it is conveni^nt for mapping, and has the advantage 
of being easily recognised south of the Earroo, and any departure 
from this usage should be supported by good reasons. 
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lÍT. PB0CEBDIN08 OP TUE QEOLOOIGAli 600IETY OF 80UTH AFEIOA. 

It is very desirable that the eTÍdence for the statement that 1,300 
feet of the Dwyka Series have been pierced in boreholes at Fraserburg 
Road should be detailed, and also that the eTÍdence for the statement 
that at other localities (presumably in the south of thie Colony) the 
Dwyka Series is hardly one-half or one-quarter of 1,300 feet in thick- 
ness should be gÍTen in full. 

A number of photographs illustrating part of the country referred 
to in Dr. Sandberg's paper were also exhibited on behalf of Mr. E. H. 
L. Schwarz. 

Mr. William Anderson, late Director of the Geological SurTey of 
Natal and Zululand, read a paper '* On the Geology of the Bluff Bore, 
Durban, Natal." 

Dr. J. McClelland Henderson took part in the discussion on this 
paper. 

The Chairman, in thanking Mr. Anderson for the paper he had 
just read, said that the Transactions of the Society did not oontain 
many papers dealing with Natal geology, and he was sure they all 
welcomed Mr. Anderson's presence in Johannesburg, and hoped to 
haTe many more from him on that subject. 

A Tote of thanks haTÍng been passed to the author for his inter- 
esting contribution, the meeting then terminated. 



Monthly Meeting held in the Council Chamber, Chamber o£ 
Mines, Johannesburg, on Monday, 15th October, 1906, at 
8.15 p.m., Dr. G. S. Corstorphine, President, in the Chair. 

The Minutes of the Ordinary Monthly Meeting, held on lOth 
September, 1906, were read and confírmed. 

The under-mentioned gentlemen were balloted for, and elected 
nienibers of the Society: Messrs. G. St. J. Cottrill, John Dennison, L. 
R. Norman, J. T. MilÍigan and J. W. H. Stubbs. 

Mr. William Anderson discussed Mr. E. T. Mellor's paper on ** The 
Position of the TransTaal Coal Mcasures in the Earroo Sequence," to 
which Mr. Mellor replied.^ 

A paper on *' The Geology of the Neighbourhood of the Roberts 
Victor Diamond Mine," by Mr. J. P. Johnson, was read by Mr. R. B. 
Young in the absence of the author. 

Messrs. E. T. Mellor and R. B. Young took part in the discussion 
on this paper, and the meeting terminated with a Tote of thanks to the 
author and the reader. 

* In Mr. Mellor's paper, as prínted in tlie Transactions — "collecting," p. 100, 
line 30, should read *'collection' ; ''Karroo Períod," p. 103, line 32, Bhoola read 
"Karroo Glacial Períod"; <*mineral8," p. 104, line 38, Bhonld read *'materíidB." 
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McCLELLAKD HENDER80N: DISOUSSION ON ANDERSON S PAPER. Iv. 



Monthly Meetíng, held in the Council Chamber, Chamber of 
Mines, Johannesburg, on Monday, 19th November, 1906, 
at 8.15 p.m. Mr. J. H. Ronaldson in the chair. 



The minutes of the Ordinary Monthly Meeting, held on 15th 
October, 1906, were read and confírmed. 

In discussing Mr. Wm. Anderson's paper '* On the Gcology of the 
BluQ Bore, Durban, Natal," Dr. J. McClelland Henderson said: — 

Mr. Anderson's paper on the Geology of the Bluff Bore is one of 
great interest, and of specíal value as, dealing with Natal it brought 
to our notice a division of South African geology with which we have 
comparatively little opportunity of becoming acquainted, and I trust 
that a few remarks in the way of comment and criticism may not appear 
presumptuous, seeing that I have had the opportunity of examining the 
core from the Bluff Borehole, although naturally I cannot lay claim to 
the intimate knowledge of Natal geology which Mr. Anderson possesses. 

The main point on which I would desire further information is the 
question of the evidence on which Mr. Anderson bases his assumption 
that all the shales passed through by the bore belong to the Lower Ecca 
Series. The fact that no coal seams were encountered does not appear 
to me of itself to warrant the conclusion that none of the Upper Ecca 
Shales were met with. Further confírmation to my mind would be 
required, seieing that coal seams wíth their proclivity to pinch out can- 
not be regarded as of sufficient regularity or constancy to form a 
geological marker. Mr. Anderson states that 'Mt is quite evident from 
the general character of these beds that they belong to the Lower Ecca 
Series, and not to the Upper Coal-bearing Series." But it appears to 
me that this is by no means proved, unless more reliable evidence is 
adduced than the mere presence or absence of coal. It is quite possible 
that in a coal-bearing formation tHe coal itself may occur in islands, so 
to speak, and thus boreholes in the same sedimentary formation, going 
through the same sequence of strata, may cut coal at one point and 
prove barren at another. 

Again Mr. Anderson's paper treats of the core down to a depth of 
1,786 feet, and he expresses the opinion that had the borehole been con- 
tinued, the Ecca Glacial Conglomerate, otherwise known as the Dwyka, 
would have been struck at no great depth beyond that point. As a 
matter of fact, the driU was stiU in the Ecca shales after further boring 
of considerably over 500 feet — that is at a depth of 2,325 feet — so that 
the thickness of Ecoa Beds already encountered here is considerable. 
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Ivi. PROCBBDINaS Oï THE GEOLOGICAL 80CIETT OF 80UTH AFRICA. 

In conclusion, while thanking Mr. Anderson for his valuable and 
interesting contributiou, my opinion is that his contention that only 
Lower and no Upper Ecca lias been encountered in this borehole cannot 
at the present moment be accepted as unassailable. 

Mr. C. Baring Horwood said that he also had had an opportunity 
of examining the core from the Bluff Borehole, and he was entirely in 
accord with tho remarks Dr. Henderson had just made. He could not 
seo that Mr. Audcrson had proved lïis contíiution that no Upper Ecca 
had been encountered in that boreliole. 

A paper ** On a Fossil Forest recently exposed in the bed of the 
Vaal River at Vcreeniging '* by Messrs. E. T. Mellor and T. N. Leslie 
was rcad by the Secrctary in thc abseuce of the authors. 

The Chairman dwelt on the rareness of fossil remains found in the 
Transvaal coal-measures, and saiH that it would be of interest if 
members connected with coal mining in this Colony could contribute 
papers dealing with such remains as they came across in their work. 

Dr. J. McClelland Henderson also took part in the discussion on 
this paper, and the meeting tcrminated with a vote of thanks to the 
authors for their interesting contríLutícn. 



Monthly Meeting, held in the Council Chamber, Chamber of 
Mines, Johannesburg, on Monday, lOth December, 1906, 
at 8.15 p.m. Dr. Geo. S. Corstorphine, President, in the 
chair. 



The minutes of the Ordinary Monthly Meeting, held on 19th November, 
1906, were read and confirmed. 

There being no discussion forthcoming on previous papers, Dr. C. 
Sandberg read a paper entitled " Notes on the Structural Geology of South 
Africa," which was illustrated by a map and diagrams, 

Dr. Geo. S. Corstorphiue and Mr. A. von Dessauer took part in the 
discussion on this paper, and the meeting terminated with a vote of thanks 
to the author for his contribution. 
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The Campbell Rand and Griquatown Series in Hay 
(Read 19th February, 1906). 

By A. W. Rogers 

(Director of the Geological Survey of the Cape Colony). 
[Plates L and IL] 

During the later months of 1905 I made a geological survey ol a 
large part of the Hay Division, and a rapid journey from Campbell to 
Barkly West and Kimberley. Much information was obtained as to the 
mutual relations of the Campbell Rand and Griquatown Series and their 
relations to older and newer rocks. 

The following account is a summary of the results, and it includes a 
few observations made on the journey to Barkly West : — 

TOPOORAPHT OF THE ARBA. 

The eastern limit is formed by the valleys of the Hart and Vaal 
Rivers, a fairly flat country rising gradually to the foot of the Campbell 
Rand. The Campbell Rand «or Kaap Plateau stretches north-eastwards, 
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presents a steep escarpment to the Hart and Vaal River Valleys, and Í8 a 
Bingularly featureless plateau with a very slight slope towarda the north- 
west; it Í8 limited on the north-west by a range of low hills called the 
A8be8to8 Mountains. Campbell Town Í8 8ituated in a kloof on the escarp- 
ment of the Rand, and Griquatown is placed at the eastern foot of the 
Asbestos Mountains. These hills are a more or less flat-topped ridge, 
five or sii miles wide, intersected occasionally by steep-sided kloofs. 
West of this wide ridge we find a tract of sandy ccuntry, from which 
numerous low hills rise ; the sand assumes greater importance as we travel 
westwards, until the Langeberg and the ranges parallel to it are reached. 
These mountains rise 1,500 feet or more above the ground in their vicinity, 
but although their surface is very rocky and uneven from a pedestrian's 
point of view they have not the rugged, broken features whicE oharacterise 
the great ranges in the south of Cape Colony. From the top of the Lange- 
berg one sees the sandy country of the Ealahari stretching to the western 
horizon, but the skyline is broken by the remarkably jagged ranges of the 
Scheurberg and the In Eruip Mountain. 

8U00BSSI0N OF THB 8TRATA. 

The foUowing table gives the formations met with between the Vaal 
River and the Ealahari : — 

Surface Deposits, — Sand, limestone, alluvium. 

(Great Unconformity.) 
Dwyka Series. — Till, conglomerates and shales. 

(Great Unconformity.) 
Matsap Serieê. — Grits, quartzites, conglomerates. 

(Great Unconformity.) 
Ongeluk Volcanic Series, — Lavas and breccias. 

(Conformity.) 

'Quartzites and hard shales. 

Glacial beds. 

Limestones, grits and jaspers (Rooi Kopje Beds), red 
and brown. 

Brown, yellow and red jaspers, with much magnetite. 

(Blink KIip breccias; a local condition of the lower 
part of the Griquatown Series.) 

(Conformity.) 
Camphell Band Series. — ^Limestones, dolomites, cherts, shales and 
quartzites. 

(Conformity.) 
Black Reef Series. — Quartzites, grits, shales, with probably inter- 
bedded lavas. 

(Conformityt) 
Pniel Volcanic Series. — Lavas and breccias. 

(Unoonformity?) 
Kheis Series. — Quartzites, quartz-schists, phyllites and oonglomerates 
(only seen near the Langebergen). 



Griquatown 
Series. 
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THE CAMPBELL RAND AND GRIQUATOWN SERIES IN HAY. 3 

I have as far as possible used the names given by G. W. Stow in 
Q.J,G,S., vol. XXX., 1874; the chief changes from his nomeuclature are: — 

(a) The separation of his ** Volcanic rocks of Pniel and Ongeluk" 

into two groups — the lower group, Pniel Beds, lies below the 
Campbell Rand and Black Reef (in part) ; the upper group, 
Ongeluk Beds, lies above the Griquatown Series. This distinc- 
tion waa not noticed by Stow, who put both groups below the 
Campbell Rand. 

(b) The inclusion of StoWs Rooi Kopje Beds and his Blink Klip 
breccias in the Griquatown Series; the Blink Klip breooias are 
due to brecciation, subsequent to the deposition of the beds, and 
the Rooi Kopje Beds are a normal part of the series as developed 
in the west of Hay. 

In Mr. E. J. Dunn's " Geological Sketch Map of South Africa," 
Melbourne, 1887, the Griquatown and Campbell Rand Beds are mapped 
together as ** Lydenburg " Beds, and the volcanic series of the Vaal Valley 
and of Hay (Pniel and Ongeluk Series) are called ** diabase later than the 
Lydenburg Beds." 

THB OAMPBBLL RAND SERIES. 

This group of rocks forms practically the whole of the Campbell Rand 
or Kaap Plateau, and is not limited to the east by the great escarpment ; 
typical limestones and dolomites occur at a distance of one or two miles 
from the escarpment on Tweefontein. Another large area occupied by 
this series lies between Sunnyside and the northern boundary of Hay; a 
third area is on the farms Klip Huis and Enkeldewilgeboom on the Orange 
River. 

The chief rocks of the group are crystalline limestones and 
dolomites, though cherts are more oonspiouous on acoount of their 
resistance to the weather, and consequent frequent outcrops. In the north 
of Hay and on the Kaap Plateau chert is very abundant in the upper part 
of the series, but in the Klip Huis inlier it is insignifícant. Shales are 
of very ocoasional occurrence till the lower part of the series is examined ; 
they are particularly well developed in and below the escarpment north 
of the Campbell ravine. Quartzites, interbedded with the limestones and 
cherts, are found on Leijfontein. No fossils were met with, though oir- 
cumstances prevented me from making a thorough search in the most 
favourable looking rocks, the shales and less highly crystalline limestonea 
north of the road from Campbell to Schmidt's Drift. 

I visited Leijfontein, a farm below the escarpment near Campbell, 
for the purpose of seeing the unconformity described by Stow (loc, cit,^ 
p. 619, etc), and the rocks below the unconformity which he oalled 
*' ancient schistose rocks," and likened, somewhat doubtfully, to the 
quartzites and schists of Kheis. The accompanying photograph (Plate II.) 
shows the general appearance of the feature. The unconformity is sharply 
marked, but the nature of muoh of the rock below is identical with that 
of the rocks above, especially as regards the limestones and cherts. There 
are thick, rather glassy quartzites below the unconformity, interbedded 
with the limestones and cherts, and these at once reminded me of the 
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quartzites associated with the limestones in the country west of the Doorn- 
berg Range in Prieska.^ I found no quartz-schist, such as one meets with 
in the supposed Kheis Beds of the western part of Prieska and in the low 
ridges west of the Langeberg and south of Witsands. There are also pink 
and grey shales below the unconf ormity ; they are well seen in the ravine 
near the chief homestead on Leijfontein. Some of the shale is slightly 
micaceous, some parts are calcareous, but I could not find anything which 
could be called a mica-schist in these beds. 

The base of the upper group can be seen resting upon the lower at 
several spots along the escarpment and in two ravines south of Leíjfontein 
house ; at one spot I f ound an inch or two of shale f orming the base, at 
others limestone was in contact with the lower group. I did not find any 
breccia, conglomerate, or even isolated fragments of the lower rocks in 
the upper ; nor was there any evidence of movement of the upper group on 
the lower. I therefore do not think that the apparent unconformity is 
really due to the thrusting of beds eastwards over another part of the same 
group of rocks. On the whole, the dip of the lower beds is higher than 
tbat of the upper; at one spot the lower beds dip at 35** towards W.10**S., 
while the upper beds dip 10® towards W.24°N. within 20 yards of the same 
spot. Generally the lower beds have dips between 10** and 20** in direc- 
tions from W.U°N. to W.10°S., and the higher beds dip 8°-12** towards 
W.N.W., but the dips of each vary within short distances. These dips 
do not agree with those reoorded by Stow,* but I could find no other 
unconformity on the Leijfontein escarpment. 

The evidence seems to me to point to the presence of an unconformity 
within the Campbell Rand Group, but further work is required before one 
can determine the value of the break; whether it affects a small area or a 
large one, and whether more than some 300 feet of rock are missing from 
the northern end of the section as seen in the escarpment on Leijfontein. 

The inclination of the limestones of the Campbell Rand Group in 
the neighbourhood of the Griquatown Series is always towards that series 
iu Hay, except in places, such as the Klipfontein ridge, where the lime- 
stones lie flat and the Griquatown Beds obviously rest on them. Taking 
the area as a whole, tlie beds are inclined at low angles, ezcept on the 
eastern side of the Langeberg region, where there has been much dis- 
turbance. These earth movements have not appreciably affected the 
surveyed areas of the Campbell Rand Series in Hay, and their further 
consideration is unnecessary for the purposes of this paper. The junction 
of the limestones and the overlying beds is very often obscured by the 
white tufaceous limestone which is rather frequently met with in the area 
occupied by the Campbell Rand Beds. At KIip Huis the passage beds 
are admirably ezposed at the base of the hills in which the blue asbestos 
(crocidolite) is worked. There we find layers of jasper interbedded with 
the limestones near their upper lirait. For the purposes of the survey the 
top of the Campbell Rand Group was taken to be at the top of a band of 
white and pink, soft, light rock, some three feet thick, above which there 

* Annual Report of Geological Cominission for 1899, pp. 77, 78. 

* Stow, loc. citf p. 619. The dip of the lower rocks is said to be towards S.S. W., 
but it Í8 probable there ÍB a niisprint in the direction. 
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are only a few thin beds of limestone intercalated with the banded and 
magnetio jaspers which are characteristic of a great part of the Griqua* 
town Series. 

The estimation of the thickness of the Campbell Rand Group in Hay 
Í8 a matter of great difficulty, for the distance between the base of khe 
group in the Vaal Valley and its upper limit near the Griquatown Hills 
is over 25 miles, and the intervening country is so covered with surface 
deposits and weathered-out fragments that the detection of strike faults 
would be a matter of unoertainty, even in the most detailed survey. The 
dips are usually very low and towards the west-north-west, but ocoasional 
easterly dips are seen. 

THE GRIQUATOWN SERIES. 

The lówest exposed beds of this group near Griquatown are seen less 
than a mile south of the niiddle of the viUage. They are considerably 
disturbed in a very irregular fashion, though the higher beds seen in 
the hills a short distance to the west dip regularly towards west-north-west 
with very occasional disturbances of small extent. The same fact was 
noticed on the western side of the hills of Griquatown Beds north of 
Groenwater, where they are seen near outcrops of limestone, and Stow' 
figured a striking example in ** Ramajes Eop,'' near Nelsonsfontein, a 
spot not yet visited by the survey. The explanation of these disturbances 
is probably to be found in the solution of the limestone and the coUapse 
of the overlying thin-bedded rocks into the hollows so formed. It is im- 
possible to work out this supposition in detail at present, but one can 
understand that such a process could take place along certain lines of 
country and not in others. The fact that a perfectly normal succession 
from the limestones upwards is to be seen at Elip Huis shows that the 
irregular disturbance of the lowest Griquatown Beds is not universal in 
this area. The entire absence of crush-breccia and other recognisable 
evidence of thrusting in the neighbourhood of the junctions examined by 
me makes me believe that we are not dealing with disturbances due to 
crust movements in the ordinary sense of that term. 

The consideration of these contorted outcrops at the base of the series 
leads directly to the description of that most extraordinary rock, the 
Blink Elip breccia of Stow, a name which is very suitable and should be 
retained. Stow's description* was evidently based on an examination of 
small areas of the rock, and although I had a greater opportunity I could 
not devote as much attention to it as it deserves. It would expand this 
paper unduly to give all the details at my disposal, and the foUowing 
summary will be sufficient for the present purpose. 

The breccia forms a range of high, rough kopjes, stretching from 
near Postmasburg (formerly Blink Elip) in a north-north-easterly direc- 
tion into Bechuanaland ; outliers occur both east and west of these kopjes, 
and an important area of the rock is found in the arch of the anticline 
which passes into Wolhaar's Eop. The whole area including these 
occurrences is considerable, more than 100 square miles. On the low 

• Stow, loc. cU,f pl. xxxix., fig. 8 and p. 665. 

♦ Stow, loc, cit.j p. 652, etc. 
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ground near the breccia tlie liniestone of the Campbell Rand Group crops 
out frequently, lying horizontally or dipping at low angles; in the case 
of the sraall, but remarkable kopje* on the right bank of the Postmasburg 
River, about three miles above the village, the limestone crops out a few 
feet from the lowest breccia outcrops. 

The bulk of the breccia is made of large and small angular pieces of 
banded jaspery rocks and cherts, some of which contain magnetite, but 
generally they are strongly impregnated with haematite or siliceous 
matter, or both. The matrix is haematite or silica, or a mixture of the 
two. In places, the rock appears to be made of little else than haematite, 
and when broken open faint outlines of angular fragments of banded 
rock, now converted into haeraatite, can be seen embedded in a matrix of 
haematite. There are very large masses of nearly pure haematite, as 
was stated by Stow. All stages of brecciation can be found, from rocks 
composed of fragments less than half an inch long to large masses, of 
which the component blocks are as much as 100 yards in length. In the 
latter case the raatrix in which the great blocks lie raay be sraall-fragment 
breccia. Then again, great outcrops are seen in which the rock has been 
shattered and the fragments re-cemented without having been shifted more 
than a tenth of an inch from their relative positions in the unbroken rock. 
In the Klipfontein Hills there is an area in which thick beds have been 
broken, and the pieces shifted in varioiis directions ; but order can be per- 
ceived in the arrangeraent ; the blocks dip towards an axis, which is over a 
raile in length. There certainly are irregularly placed blocks which do not 
conforra to the general plan, but their nuraber is insufficient to conceal it. 
The interstices between the blocks ate filled with sraaller breccia. These 
thick beds have been impregnated irregularly with haematite and silica. 
In the Wolhaar's Kop occurrence the passage upwards into unbroken rock, 
which díps away on either side of the anticline, can be followed. The 
thickness of the brecciated rock in the Klipfontein Hills is not less than 
200 feet, and at Wolhaar*8 Kop it exceeds this. 

A search was made in each locality visited by rae for strango rocks 
in the breccia, but not one fragraent of rock other than varieties known 
to occur in the Griquatown Beds was found ; thus there were no granites, 
schists, diabase or liraestones. The pieces are invariably angular. These 
facts raake it certain that the breccia is not of detrital origin, and that 
it is not in any way related to the peculiar volcanic breccias known in 
various parts of Cape Colony. The absence of slickensiding on any but the 
sraallest scale, and of such characteristic features of crushed rocks as a 
flowing arrangement of the fragment« and shear planes, excludes lateral 
thrust and consequent brecciation as the cause of the phenoraena. The 
only explanation which will raeet the facts seeras to be that the lower 
strata of the Griquatown Group in the north-west of Hay have collapsed 
into cavities dissolved out of the limestones and dolomites, and that the 
beds were fractured in the process ; the extent of fracture, aa measured by 
the sraallness of the individual fragments, l)ecarae lcss upwards. On this 

• The original Blink Klip or Sensavan described by Bnrchell, whence nativcH get 
red paint. 
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view the broken rock must have been cemented together, and some of íts 
substance replaced by haematite and silica carried by circulating water. 

At present I do not know of any place where a large mass of the 
breccia can be proved to lie below the level of the surrounding limestones ; 
but at the south end of a breccia outlier on the right (west) side of the 
Postmasburg River just below the village the limestone strata if continued 
eastward across the river would abut against the breccia — Figure 1 is a 



DOLOMITE BLINK KLIP BRECCIA W.SO^N. 
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Fig. 1.— Section across the valley below Postmashurg to show the relative position of 
dolomite and Blink KIip breccia. 



section, drawn to approximately true scale, through this locality. I was 
unable to satisfy myself as to the conditions obtaining west of the breccia 
ridge on account of the thick sand, and there is no proof that a fault is 
not concerned as a cause of the relative positions of the two rocks. 

It should be noticed that the breccia occurs on or near anticHnal 
areas in north-west Hay, though the bending of the rocks is slight. 

The bulk of the Griquatown Beds consists of thin-bedded siliceous 
rocks containing more or less magnetite in thin well-defined layers or 
distributed throughout the rock. In the Asbestos Mountains, which are 
formed by the lower thousand feet or so of the series, the predominant 
colour of the siliceous rock is yellowish brown, and the same is Ihe case 
with the lower part of the group along the Barkly West boundary, near 
Groenwater, and in the hills along the right bank of the Orange River 
below Enkeldewilgeboom, where the lower beds are again seen. Where 
the lowest beds are converted into the Blink Klip breccia their colour is 
red, owing to the amount of haematite present. Red jaspers are occa- 
sionally seen interbedded with yellow and broken rocks in any part of 
the series, but they are best developed towards the top of the group in 
the west of Hay. The red jaspers which form the Rooi Kopjes mentioned 
by Stow* are certainly a part of the Griquatown Group ; they dip under 
the Ongeluk Volcanio Beds, and are associated with yellow and brown 
jaspers on Abel's Vlakte and other farms near Matsap. At the south end 
of the Matsap Ridjxe, and at the sonth end of the Piljaas Poort Ridge 



• Stow, loc^ cit.t p. 630, etc. 
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(Matsap Beds) the red jaspers underlie the Matsap Beds directly, and 
there are many ortier outcrops of these beds in the southem Langeberg 
area. 

Cherts are met with in many parts of this series, and thin beds of 
limestone occur towards the top. These rocks are just like many cherts 
and limestones in the Campbell Rand Group. 

White and coloured quartzites are seldom seen, though some pale 
quartzites occur near Kaffir's Kop (between Ongeluk and Matsap), and 
near Juanana; in both these cases they probably lie within 200 feet of 
the top of the groups ; they also occur in other parts of the series. (The 
brilliant red jasper, which is most frequently seen in gravels, does not 
belong to the Griquatown Beds, but is interbedded with the lavas and tuffs 
of the Ongeluk Volcanic Series.) 

In the hills between Niekerk's Hope and Juanana the upper beds of 
the Griquatown Series are much less siliceous than usual ; they are dark 
coloured shales, ferruginous sandstones, thin cherts and limestones. Some 
of the sandstones are calcareous. 

THE QLACIAL BEDS IN THE GRIQUATOWN BERIES. 

Near the top of the series there is a very well developed glacial tiU, 
often with an intensely hard f erruginous and siliceous matrix, so that the 
boulders cannot be broken out from it. The release of the boulders is 
brought about by the slow disintegration of the matrix due to alternate 
heating and cooling and weathering. In a few cases I was able to break 
boulders out of the rock, and thus to prove that their beautifully striated 
surfaoes, as seen on weathered-out specimens, belong to them when in 
the rock. 

The matrix is usually red or yellowish brown in colour ; in the Lang 
Kloof rock, to be referred to later, it is heavily charged with haematite, 
which has crystallised out in certain cavities that will be mentioned again. 

I have not yet examined the rock in thin sections, so not much can 
be said about its minute constituents. Small quartz grains and clayey 
matter are abundant. The boulders, which may reach a length of two 
feet, are scattered at random through the matrix, and are usually few in 
number and small in bulk compared with the volume of the matrix. 
Occasionally pebble beds are met with, and beds of coarse grit. The 
thickness of the glacial beds probably does not exceed lOO feet at any 
locality I have examined, but it may do so in the prominent kop (probably 
the hill called Orpen's Kop^ by Stow), on which one of the north-western 
beaoons of the Griquatown commonage is placed. 

The great majority of the boulders are made of a cherty rock ; grits 
and quartzites are rare, and no fragments of igneous rocks were noticed. 
The cherts are whitish and grey, sometimes they are rusty brown near the 
periphery. There are occasionally small cavities partly filled with 
specular iron, and these cavities may be due to the solution of pebbles, 
perhaps limestone f ragments ; the flat or evenly rounded surf aces of the 



' There are three table-shaped kops in this neighbourhood, all formed by the 
glacial beds ; they are less than an hour by cart from Gríquatown. 
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cavities lead to this suggestion. No pieces of limestone were noticed. 
The chert is not unlike the cherts in the Campbell Rand Beds, but there 
is no other evidence that they were derived from that formation. If 
they were so derived, their original position must have been far away 
from the Hay district, for no unconformity has been met with between 
the top of the Campbell Rand Group and the base of the Ongeluk Volcanic 
Beds in that area, and the thickness of rock between those horizons is not 
less than 2,000 feet 

The general shape of the boulders and their scratches are those of 
glaciated stones. In one locality, Sunnyside, there are, in addition to 
the striated stones, chert fragments with smooth faces and of the form of 
the stonee oalled ** Dreikanters." 

The glacial beds were found in the foUowing places : — 

(1) On the east side of the great central syncline of volcanic beds, 

from Taaiboschfontein to near the Peiser Mine. 

(2) On the west side of the same syncline between Postmasburg and 

Tyger Kloof, and south of Matsap on Water Klooï, Lang Kloof 
and Koodoo's Kloof. 

(3) Round the Vlakfontein syncline of volcanic beds ; in this locality 

the geology is complicated by faults, and the outcrops are too 
limited to be inserted on the small scale map published with 
this paper. 

(4) On Sunnyside at the south end of the ridge on which Wolhaar's 

Kop stands. 

(5) On the east side of the Juanana volcanic outlier. 

I only became aware of the presence of the glaciated stones after 
T had visited the Abram's Dam, Piljaas Poort and Koegas Volcanic areas, 
and I cannot state whether the glacial beds are to be found there or not. 

In all the cases above mentioned the glacial beds occur within about 
30 feet from the probable position of the base of the volcanic series. 
Generally there is a depression, more or less filled with sand, along this 
horizon, and the complete succession is not to be seen. At Juanana, 
however, nearly the whole succession is exposed, and the beds between the 
glacial rock and the volcanics consist of cherty rocks and dark, thin- 
bedded, hard argillaceous rocks, about 30 feet thick in all. There is 
nowhere any doubt as to the relation of the Griquatown Beds to the vol- 
canic series ; the former dip consistently towards the latter, and the 
volcanic beds present terraced escarpments towards the area occupied by 
the Griquatown Series. The volcanio rocks are thick-bedded lavas, 
breccias and tuffs, and the terraces on the escarpments are due to unequal 
rates of weathering of the successive beds. 
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The Black Reef Series and the Underlying Formations 
IN THE Neighbourhood of Kromdraai and Zwartkop, 
NoRTH OF Krugersdorp (Read 19th February, 1906), 

By A. L. Hall and W. A. Humphrey 

(Commanicated by permiss^ion of the Director of the Geological Surve}^). 
[Plates III.. IV., V. and VL] 



In the following pages we propose to give an account of some of the 
results obtained during a recent survey of the rocks associated with or 
overlying the Pretoria-Johannesburg granite boss. 

Through the work of Molengraaff, Hatch and Corstorphine, the exist- 
ence of a series of rocks, mainly igneous and younger than the Witwaters- 
rand Beds, but occupying an unconformable position below the Black Reef 
Series, has now been recognised as the Ventersdorp System. 

The occurrence of beds belonging to this system in the neighbourhood 
óf Eromdraai, north of Krugersdorp, was noted by the late Mr. Dorffel.* 
and while our own work largely bears out Dorffers conclusions, we find 
associated with true Ventersdorp conglomerates, a series of sedimentary 
rocks, which are best placed in the Swaziland Series. 

The area from which our observations are drawn forms a belt of 
country about seven miles from the base of the dolomite southwards, and 
follows the northern edge of the granite boss from Kromdraai across the 
Crocodile River to Knoppieslaagte, a distance of about 25 miles. 

Within these limits occur the following formations : — 

1. Black Eeef Series, which overlies all other rocks with a striking 
unconformity. 

> **The Kroradraai Quartz Reef and its Geological Associations," Trans. Gtd. 
Soc. S.A., vol. Yi., p. 101. 



Digitized by 



Google 



BLACK REEF SEEIES AND UNDERLYING FORMATIONS NEAR KRUGERSDORP. 11 

2. Swaziland Beds, 

(a) Schists unconformably underlying and following the outcrop 

of the Black Reef Series, from Zwartkop through 
Rhenosterspruit as far as Enoppieslaagte. 

(b) Sedimentary rocks made up of quartzites, red shales and 

ironstone beds, and constituting a narrow belt of high 
ground running nearly north and south through Zwartkop, 
Tweefontein, etc. 

3. Ventersdorp Bedsy mainly made up of a marked series of conglo- 

merates or pebble beds and grits. 

4. Oïd Granite, with associated diabases and gréenstone-schists. 

5. Dykes, mainly of syenite character, and younger than the Trans- 

vaal System, running northí and south from the Old Granite 
through the Black Reef to the Pretoria Series, and probably 
connected with the Bushveld Plutonic Series. 

For the present purpose it will suffice to restrict our remarks to the 
first four groups of rocks. 

1 and 2 (a). — The Black Reef Series and Underlying Schists of the 

Swaziland Series, 

This formation occurs as a gentle band of higher grouiid all along 
the northern edge of the granite boss, composed mainly of fairly coarse 
dark saccharoidal quartzite with inconspicuous conglomerate bands near 
the base. (See Map, Plate III.) Inamediately above, and sometimes 
(as on Rhenosterspruit 579) intercalated in dolomite, are found a few feet 
of very fine-grained &late or shale, well exposed on the Johannesburg- 
Rustenburg main road. Careful measurements made in connection with 
this exposure give a thicknees of about 70 feet, but further towards the 
south-west the Black Reef Series becomes much thinner, decreasing to 
some 20 feot over Kromdraai. 

The average dip varies from 14° to 10°, but owing to frequent minor 
faulting,^ there is considerable variation locally, both in strike and dip. 
Such displacements are sometimes seen to be due to dykes, notably of 
syenitic rocks, having interrupted tEe continuity of the quartzite beds. 

North of the junction of the Crocodile and Yokeskey Rivers the 
stream section shows a striking succession of anticlines and synclines 
formed by the massive quartzite bands, which here overlie the schists 
below with a marked unconformity. (See Plates IV. and V.) 

The most intense disturbances seen in the Black Reef Series occur 
near the boundary between Vlakfontein and Rhenosterspruit, and as this 
locality also displays the relationship between the sedimentary rocks and 
the underlying schists, it calls for more detailed description. 

Across the middle of the eastern boundary of Rhenosterspruit 579 
runs a small spruit, following an almost due easterly course to join the 
Crocodile River. The valley along this spruit has on the north side a 

• Compare H. Kynaston, " On a Portion of the Dolomite Black Reef and Granite 
Area South of Pretoria," Transvaal Geological Survey Report (1904), pp. 68 and 69. 
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fairly abrupt face about 60 feet high, showing the following succession : 
On the top massive 01ifant*s Klip dipping at 10° to the north; this is 
foUowed below by more dolomite, but dipping at a small angle to the north 
until the beds turn over with a very gentle southerly dip. The under- 
lying rocks now consist of typical Black Reef shale with subordinate 
siderite veins dipping to the south at a gradually increasing angle until 
at the base we have a marked dip of 25° to the south. Thus on the north 
side of the spruit there is a conformable succession in the shape of an 
anticline affecting the lowermost beds of the dolomite and the underlying 
Black Reef shalcs. 

AU along the bottom of the valley occurs a fairly thick deposit of 
recent cavernous limestone. It forms a mass of unstratified greyish rock, 
in which occur numerous blocks of typical blue dolomite.* 

On ascending the southern slope of the valley we first meet with 
typical greyish slightly quartzose schists with contact metamorphic 
minerals, such as tourmaline, and having a southerly dip of 15°. These 
are immediately overlain by highly tilted Black Reef quartzites inclined 
80° to the south, and separated from the schists by a marked uncon- 
formity. (See Plate VI.) The rest of the slope is made up of similar 
quartzites, but the dip rapidly falls until after reaching the summit the 
beds gradually resume the normal northerly dip tiU the main escarpment 
is reached, when we have the Black Reef Series inclined 8°-10° to the 
north, while the underlying schists dip 35° to the south-south-west. (See 
Plate IV.) 

From these appearances it follows that the line of the spruit marks 
the position of a fault, one effect of which has been to bring the under- 
lying schists in juxtaposition with the Black Reef shales. It is probable 
that this fault also accounts for the presence of the deposit of recent 
limestone, which may represent dissolved and re-deposited dolomite. 
Moreover, at the east end of the valley occurs a peculiar calcareous deposit 
containing numerous angular fragments of Black Reef shale, forming a 
kind of fault breccia. If the line of fracture is continued towards the 
east, it crosses the Crocodile River a little to the north of its confluence 
with the Yokeskey River — ^that is to say, at the same point where the 
highly folded Black Reef Quartzites, already alluded to, occur. 

ít is possible that the fault here described is identical with the 
Meintjes Kop Fault,* with which it closely agrees in direction. The very 
disturbed nature of the dolomite and intrusive diabases over Hennops 
River 265 and Vlakplaats 216 lends support to this view. 

The question now remains to be considered, what is the stratigraphical 
position of these schists which are so closely associated in their distribution 
with the Black Reef Seriesl 

We have been able to trace these rocks from Knoppieslaagte, where 
they are well exposed on both sides of the Old Potchefstroom Road, across 
the Crocodile River on Vlakfontein through Rhenosterspruit, as far as 
Tweefontein 76. The prevailing type is a silvery grey schist, showing 
flattened lenticles of quartz about J-in. long. At Rhenosterspruit these 

» This is the deposit fomierly used at the Dospoort Cenient Works. 

* See A. L. Hall, **The Geology of Pretoria and Environs," Pretoria, 1905, p. 30. 
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rocks show marked contact alteration. Bearing in mind the imconform- 
able position of these schists below the Black Keef, it is clear that they 
must belong either to the Swaziland Series or to the Witwatersrand Series, 
or to the Ventersdorp System. In the paper referred to above, it appears 
tliat Dórffel considered them as representing a modifíed development of 
Ventersdorp conglomerates, such as he describes occurring over Kromdraai. 
We are not, however, able to support this view, in spite of a certain 
superfícial similarity, which exists between the schistose conglomerate of 
true Ventersdorp type and the rocks under discussion. It is difficult to 
conceive which agency brought about the contact metamorphism, unless 
it was the old granitê, which lies close to the schists on Rhenosterspruit, 
for we cannot conceive the intrusive rocks near the base of the Transvaál 
System producing such metamorphism, while leaving rocks far more 
susceptible to alteration, and only a few yards removed, entirely unaltered. 
Seeing that the Ventersdorp Series has been shown to lie unconform- 
ably above the Witwatersrand Beds, and since there are no rocks belong- 
ing to this latter system which have any resemblance to these schists, we 
are led to the conclusion that they must be plaoed in the Swaziland Series. 
We are further inclined to this view by finding veins of coarse muscovite 
bearing granitic material traversing the schists below the Black Reef 
along the left bank of the Crocodile River on Vlakfontein. These veins 
must be regarded as apophyres of the old granite which have invaded the 
Bchists of the Swaziland Series. 

3. — Ventersdorp Beds, 

Rocks belonging to this series occur over Rietfontein 69, Eromdraai 
71, and Driefontein 81 — the first definite outorop occurring at the extreme 
easterly beacon of Kromdraai, where we find a fairly prominent elongated 
kopje trending to the south-west, and formed of gently inclined beds of a 
coarse conglomerate weathering with a rusty brown oolour. The pebbles 
in the rock are composed almost entirely of quart^ite, and vary from J-in. 
to 2in. in diameter; in addition, there are some larger boulders and 
blocks a foot or more across. These pebbles are set in a greenish shaly 
matrix, and now and then the pebbles are somewhat flattened or sheared, 
giving the rock a kind of schistose appearance. 

These beds dip at about 10° towards magnetic east, and are thus 
distinctly unconformable to the underlying quartzites and shales on the 
east, which, dipping at an angle of at least 35°, form the ridge of higti 
ground culminating in Zwartkop. 

After ascending the kopje on Kromdraai, and following the beds 
across the strike, the side of the quartzite pebbles decreases until the 
rock becomes more like an ordinary grit, after which they pass unconform- 
ably below the Black Reef quartzites, which are here not more than 20 feet 
thick, and inclined at an angle varying from 25*° to 40°. Thus the 
Ventersdorp conglomerate beds are unconformable both to the underlying 
Zwartkop rocks, as well as the overlying Black Reef SerÍBs. (See 
Plate V.) 

The general distribution of the conglomerate beds, the similarity of 
strike, and the close resemblance of the quartzite pebbles and green or 



Digitized by 



Google 



14 TRANSACTIONS OF THE GEOLOGICAL SOCIETY OF SOITTH AFRICA. 

red shales to the analogous rocks in the Zwartkop Series, suggest the 
possibility that the conglomerate beds are a beach deposit derived from 
ihe erosion of the rocks, which now constitute the hills over Zwartkop and 
a portion of Tweefontein. 

2 (6). — The Swazilavd Series. 

Lying unconformably below the Black Reef Series is found a series 
of beds made up of a succession of massive quartzites, soft red shales, and 
'* calico " rock, which crops out over Tweefontein 76, Rietfontein 69, and 
Zwartkop 82 in the form of a high conspicuous ridge culminating in 
Zwartkop, with an altitude of nearly 5,400 feet, or about 800 feet above 
the general level of the granite plain on the east and south. On the west 
side the range is succeeded by the unconformably overlying Ventersdorp 
Beds, while on the north it passes below the Black Reef quartzites without 
ony noticeable break in the topography. The strike of this hilly ground 
is nearly true north and south. (See Map, Plate III.) 

A little to the south of the centre of this range the Crocodile River 
breaks through the beds in a magnificent gorge, thus presenting an ex- 
cellent section perpendicular to the strike. 

Following the stream section from west to east, one first meets with a 
massive rather fine-grained quartzite dippirtg 35 "" to the west, and 
approximately 300 feet thick. This is underlain by a series of dirty green 
shales, with a belt of ironstone rock closely resembling the well-known 
*'calico" rock of other districts in the Transvaal, followed by a second 
quartzite, which runs up the side of the gorge to form the summit of 
Zwartkop itself ; this middle quartzite has sometimes a greenish appear- 
ance, recalling that of the green quartzites of the Lower Witwatersrand 
Series. Below the middle quartzite we find soft red shales, followed by 
anotlier quartzite, forming the east and south-east slopes of Zwartkop. 
The total thickness cannot be less than 1,300 feet. 

On ascending the summit of Zwartkop, we find this sories of quartzites, 
shales, and ferruginous rocks completely surrounded by low ground formed 
of granite and Ventcrsdorp Beds, while on tho south side a distance of at 
least 8 miles or 9 miles separates the observer f rom the prominent escarp- 
ment of the Orango Grove quartzites, the intervening stretch of country 
being composed of granitic and basic rocks, such as serpentine and others. 
Thus there is no structural relationship visible between the base of the 
Witwatersrand Series and the Zwartkop Beds, the strike of the series 
intersecting one another at about 80°. 

With a view to finding the true relationship of these rocks to the old 
granite, a elose examination was made at the base of the series along its 
junction with the granite. Taking a traverse across the base of the sedi- 
mentaries into the granite we obtain the foUowing resultís : Immediately 
below the lowermost beds occurs a finely crystalline greenish amphibolite 
schist, the exact relation of which to the overlying rocks is not seen owing 
to the large amount of debris which has fallen from the hills above. This 
amphibolite rock is foUowed by a well-banded dioritic rock without quartz, 
having the appearance of a marginal modification of the granite. This 
in turn gives place to another well-banded rock similar in appearance, but 
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carrying quartz ; f rom this point the ferro-magnesian constituent decreases, 
the banding becomes less until we meet with ordinary granite. The 
direction of schistosity is always identical with the strike of the overlying 
sedimentaries ; at the same time these banded rocks are pierced by numer- 
ous veins of coarse granite — well seen in the river bed about half a mile 
below the point where the Crocodile River emerges from the gorge. 

In our opinion, these appearances point to the presence of a marginal 
modiíication of the granite, resulting from the process of intrusion by a 
large body of plutonic rock into a series of sedimentaries. Instances of 
such modifícations are now well known, notably, for instance, in connection 
with the central massif of the Alps.' 

Tn attempting to fix the true stratigraphical position of these Zwaiir 
kop Beds, the question arises whether they should be assigned to the Lower 
Witwatersrand or the Swaziland Series. 

In the second edition of Dr. Hatch's Map of the Southern Transvaal 
the rocks under review appear as a northerly extension of the Lower 
Witwatersrand Beds. As already pointed out, there is no existence of any 
connection, either topographically or geologically, between the range on 
Zwartkop and the Orange Grove quartzite escarpment. 

From a purely lithological point of view, there is certainly some 
resemblance to the quartzites, shales and Hospital Hill Series of the Lower 
Witwatersrand Series, but it is not nearly so striking as that which the 
Zwartkop rocks bear to analogous occurrences below the Kantoor sand- 
stone in the Eastern Transvaal. During the winter months of last year 
one of us made a detailed survey of the area between Godwan River 
Station and Nelspruit, both north and south of the eastern line. Taking, 
for instance, the railway section between Godwan River and Alkmaar, one 
finds rocks in every respect identical with those occurring near Zwartkop 
— the same kind of green quartzites, red and green shales, and calico 
rocks are met with. Moreover, one meets strictly analogous modifications 
of the old granite, such as gneisses and banded dioritic rocks, amphibolite 
schists, etc, along the contact between the igneous and the sedimentary 
rocks. Here again, all field evidence points to the conclusion that the 
granite is intrusive in the overlying rocks. These latter — owing to the 
work of Molengraaff — were known as the Barberton Series, and were cor- 
related by him with the Witwatersrand Beds, but are now regarded as 
Swaziland Series — that is, more ancient than the Old Granite. 

Hence, bearing in mind the very close resemblance in lithological 
characters, the identical intrusive relationship to the Old Granite, we 
must conclude that the Zwartkop rocks belong to the Swaziland Series. 

* K. Weinschenk, ** Die Kontaktmetamorpliische Schieferhulle u. ihre BedeutunÊf 
f. d. Lehre vom all^emeinen Metamor|ihÍ8mus," ÁhM. Bayr. Ahad. d. Wíhs.^ 1903, 
pp. 261-340; also, **Ueber das Granitische Centralmassiv und die Beziehungen 
Zwischen Granit und Gneiss," 1894. 
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The Main Reef Horizon on the Eastern Edge of the 
WiTPooRTJE Break (Read 12th March, 1906) 

By J. P. Johnson. 

[Plate VII.] 



The following remarks are intended chiefly as an explanation of the 
accompanying map. This map shows in accurate detail the remarkable 
faulting that takes place along the Main Reef horizon as it approaohes* 
the first of the many dislocations that make up the great Witpoortje 
break. It was surveyed by the stadia method during my spare time, 
when surveyor and assayer to the Saxon Gold Mines. 

It is a curious feature of the area covered by this map that, on 
account of the very remarkable nature of the faulting, the Main Reef 
as it goes westwards approaches nearer and nearer to the Livingstone 
conglomerates (which are themselves practically undisturbed), until, with 
a very low dip, it is only a thousand feet away. 

The Main Reef horizon in this area is represented by the Main and 
South Reefs, tlie Main Reef Leader of the Central Witwatersrand, with its 
characteristic footwall bed, being absent. The Main Reef is much 
reduced in thickness, and the South has thinned out from six inches to 
one. 

I have some thin sections of these conglomerates. They are very 
similar to those that have been desoribed from other parts of the Wit- 
watersrand. The interstices between the quartz pebbles and grains are 
filled with sericitic matter, quartz mosaic and pyrites — the last usually in 
well-defined crystals. Interesting features are the frequent corrosion of 
and the occasional presenoe of pyrite crystals in the original quartz 
grains. 

Colourless prisms of a mineral possessing high relief and occasional 
cross-jointing oocur in all the sections, and are particularly abundant in 
one (36). It is evidently the mineral chloritoid referred to by De Launay.* 



' Les Richesses Minérales de rAfrique," Paris, 1903. 
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This mineral is also very abundant in the footwall bed of the Main Reef 
Leader of the Central Witwatersrand. Sections from the 800, 1,100 and 
1,400 feet levels of the Jumpers Deep are crowded with it. 

About 500 feet north of the Main Reef is a coarse red quartzite, 
which is plentifully strewn with small well-rounded pebbles of micro- 
grained quartzite, including banded varieties similar t'o that occurring 
in the Hospital Hill slate horizon. 

The South Reef is the pay bed. It possesses the idoal féatures, from a 
mining point of view, of having all the gold concentrated in a narrow 
seam, which permits of its extraction with a minimum of stoping and 
crushing. The green colouring matter wtich one comes across rather 
spaiingly on the Central Witwatersrand, is here very abundant, hand 
specimens of the conglomerate often being a boautiful emerald colour. 

Two or three feet above the South Reef is a **bastard" — ^that is, a 
stratum varying in texture from a fine conglomerate to a coarse grit. 
Other *' bastards '* occur between the Main and South Reefs. They are a 
useful guide in developing the rather broken ground of this area. 

As may be inferred from the outcrop, faults are very abundant in 
the mine workings. They are usually quite clean, the qupirtzite on either 
side, however, being rendered schistose. This schistose quartzite is often 
like beeswax, both to touch and sight, and its granular nature is fro- 
quently completely obscured. I have ten sections (41-50) of such speci- 
mens. They show irregular and often ragged blebs of quartz in a matrix 
of decomposition products, with occasional well-defined scales of muscovite. 
Prisms of chloritoid are quite common. One section (45), which is almost 
entirely made up of decomposition products, contains a large example 
exhibiting fine cross-jointing and polysynthetic twinning. In other 
sections isolated examples occur, in which decomposition has proceeded 
so far that the cryBtals are solely represented by a string of granules after 
the style of highly serpentinised olivines. 

In some cases the fault planes contain veins of quartz usually accom- 
panied by actinolite. 

Of the dykes, I have only been able to properly examine the big one. 
At the surface only portions of the edge are exposed. I have a specimen 
here showing the junction with the quartzite. It is a green — usually 
apple-green — compact rock weathering with a thick brown crust. The 
surrounding quartzite is in places penetrated by offshoots from the dyke, 
which differ from the main body in being full of small felspar 
phenocrysts. 

From the mine workings a tunnel was driven right through the dyke. 
About one-third is amygdaloidal. The amygdules in the centre are large 
and irregular (some as large as any I have seen in the Elipriversberg 
diabase), those along the margin being small and regular, both in dis- 
tribution and shape. 

The edge of the dyke for about three feet on either side is oompact, 
without any .megascopic structure. 

The rest of the dyke is full of incipient amygdules, and is in large 
part traversed by a network ot lines, due to decomposition along 
incipient cracks. 
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Flow struoture is conspicuous throughout, and, combined with the 
other megascopic features, frequently gives rise to very beautiful 
patterns. 

Four main megascopic types may be picked out : (1) a uniformly 
greenish-black compact rock with or without amygdules, according to 
whether from edge or centre; (2) a bluish-grey cherty rock, showing flow 
structure, with incipient amygdules scattered irregularly throughout, 
the quartz kernels surrounded with light or dark coloured rings; (3) a 
cherty rock, consisting of one mass of small contiguous incipient amyg- 
dules. These last are usually round, not oval, like the fuUy developed 
small amygdules; (4^) a grey rock, in which the dark and light coloured 
constituents are just visible to the naked eye, varying in tint according to 
the preponderance of the one or other mineral. Occasional amygdules 
drawn out in direction of flow. All these types of course graduate one 
into the other, and are frequently mixed in streaks. 

I have a large number of thin slices of this dyke. They show it to be 
an andesitic rock, chiefly a devitrified glass, interesting structurally, but 
not mineralogically. Though mostly felsitic, it is Bometimes more 
crystalline. Some of these sections show numerous small felspar laths 
and fine ragged' f elspar skeletons containing numerous inclusions. There 
are occasional large corroded plagioclases, one showing beautiful parallel 
multiple twinning of the albite type. There is a quantity of biotite and 
hornblende in some sections. One section contains a couple of 
spherulites. 

The amygdules are banded, and frequently contain numerous small 
rod-like bodies, about a miUimetre in length. Under the microscope the 
banding is indicated by differences in the texture of the quartz mosaic. 
The rod-Iike bodies are seen to be some indeterminable mineral starting 
to crystallise out and wrapping round the quartz grains in definite lines, 
the whole possessing straight extinction. The quartz amygdules frequently 
contain patches of chlorite. 

For about 500 feet east of the dyke, the quartzite exposed in the 
tunnel has been altered into a black micro-grained rock, megascopically 
similar to the footwall bed of tHe Main Reef Leader. Under the micro- 
scope it is seen to be made up of small angular fragments of quartz 
scattered throughout a fine matrix of the same mixed with sericitic matter. 
In some cases the quartz fragments have been drawn out into streaks. 
Two of the sections contain abundant fresh plagioclase. 

The section accompanying the plan needs little explanation. The 
big fault indicated is inferred from the relative position of the Main and 
Livingstone conglomerates in that line. The position of the reef on the 
south side of the fault I calculate to be just above the base line. 
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ThE GeOLOGY OF THE NEIGnBOURHOOD OF KOMATI POORT 

(Read 12th March, 1906). 
By Herbert Kynaston 

(Director of the Geological Survey of the Tiunsvaal). 
[Plates VIII. and IX.] 

I. INTRODUCTORT. 

In the following contribution I propose to give a short account of 
the geological features of the Komati Poort Coal-field, an area of par- 
ticular interest at the present time, not only from an economical point 
of view, but also in its purely geological aspect. The pubiic is interested 
in the coal, while the character and succession of the prinoipal rocks de- 
veloped in this district afford an equally attractive subject lo the geologist. 

Cohen was prcbably the first geologist to be attracted by the peculiar 
features of this area, in the course of his journey from Lydenburg to 
Delagoa Bay in 1875. More recently Dr. Molengraafií has added to our 
knowledge of its geology in his report as State Geologist for the year 1897. 
The occurrence of coal in the neighbourhood of Komati Poort has been 
known for some years, and attention has gradually been drawn to the 
possibilities of the area from a mining point of view. This interest was 
still further aroused in 1903, when a thick seam of coal was reported as 
having been struck in a borehole put down by the Central South African 
Railways near Tenbosch Station. In 1904 the Crown Lands were thrown 
open to the public, and since then very considerable areas have been pegged 
out, but 80 far very little exploratory work has been accomplished. It was 
evident that geological information was much needed. 

Bearing these circumstances in mind, I visited the district in the 
winter of 1905, with the special object of examining and mapping the 
coal-bearing series, and the limits of this formation were inapped from 
the Selati Railway, on the north, to the Swaziland border, on the south. 
lu the course of the work, Mr. F. A. Steart, of the Geological Survey, 
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rendered valuable assistance, and much facilitated the mapping of the 
southern portion of the area by completing a rough survey of about forty 
miles of the course of the Eomati River, which was found to be very far 
out of its correct position on the only available topographical map. I am 
also indebted to Mr. Otto Tobler, of Louren^o Marques, and Mr. J. Moore, 
for particulars concerning shafts, boreholes, and coal-seams. 

II. — ^MAIN GEOLOGICAL FEATURES. 

A glance at the geological map wiU show that the general distribution 
and arrangement of the principal formations presents a remarkable sim- 
plicitj and uniformity, and has the general eiïect of dividing the countrj 
into parallel belts, with a nearly due north and south trend, constituting 
the divisions of the Earroo System. The older rocks, consisting of 
granite, hornblendic and chloritic schists, and altered and highly tilted 
sedimentarj rocks, occupy extensive areas on the west. Overlying them 
with a very strong unconformity, we have a thick series of grits, sand- 
stonesý and shales, with occasional coal-seams, and these are succeeded 
by a zone of peculiar fíne-grained sandstones, which are evidently the 
equivalent of the sandstones of the Springbok Flats described by Mr. 
Mellor.^ These are separated from the ooal-bearing beds by a tbin series 
of red sandy shales and marls, which I wiU refer to again later. Over- 
lying the fine sandstones with apparent conformity, we find a very thick 
and extensive series of volcanic rocks, which are continued for some dis- 
tanoe into Portuguese territory. In the Transvaal these form two well- 
marked divisions — the basic lava flows, or amygdaloidal basalts, of the 
Lebombo Flats, and the rhyolitic lavas of the Lebombo Mountains — and 
constitute the two most easterly belts on the map. The whole series is 
inclined to the east, the average dip of the sedimentary portion being 
10 degrees. The structure is perfectly simple, and constitutes a normal 
sequence from the base of the coal-measures to the rhyolites of the 
Lebombo. 

Intrusions of igneous rocks in the form of sheets and dykes, usually 
of a basio character, are a common feature throughout the district, and 
may be found at almost any horizon, from the basement granites and 
schists upwards. ' They generally consist of varieties of dolerite (diabase 
of some authors). An acid type, however, consisting of a fine-grained 
granophyric granite or granophyre (Rosenbusch) forms a striking feature 
iu the extreme southern portion of the area. It occurs as an elongated 
intrusion, constituting the entire mass of Mananga Mountain, situated 
close to and running parallel with the Lebombo Range. The ridge of 
Mananga is a conppicuous object as one ápproaches Swaziland from the 
north, with the precipitous cliffs of its western slopes glearaing white in 
the sun, in marked contrast to the red and purple of the Lebombo crags. 

We will now consider a little more f uUy the characters of the various 
sedimentary and igneous rocks. 



* See ** The Geoloíify of a Portion of Springbok Flats." Annual Report of 
Geological Survey of Transvaal for 1904, p. 27 ; also, '^The Sandstones of Buiskop 
and the Springbok Flats," Trans, Gtól, Soc, S,A,, vol. viii., p. 33. 
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III. THE OLDER ROCES. 

A brief glance at the older rocks will be sufficient for our present 
purpose. These are similar in general oharacters to those constituting the 
rough, hiUy country of the Barberton district to the west, and Swaziland 
to the south, and consist of : — 

1. Granites and gneissoid rocks. 

2. Dark greenish hornblendic and chloritic schists. 

3. Altered and highlj tilted quartzites, indurated shales, banded 

rocks, and conglomerates. 

The granites are the predominant type, and are well exposed along 
the western border of the coal-bearing series in the n^rthern, and especially 
in the southern portions of the district. A foliated structure may be 
sometimes observed, and veins of coarse pegmatite are a common feature. 
Iii the neighbourhood of the Swaziland boundarj the granite is a coarse 
pink rock, with large porphyritic felspars. A rather unusual type, 
however, was met with about five miles west of Furley's Drift. It is of 
medium grain, and of a rather yellowish colour, at first sight bearing a 
general resemblance to some of the hard, massive, felspathic grits, which 
occur not far f rom it at the base of the coal-measures. Unlike the normal 
type of the Older Granites, it is found to contain a oonsiderable proportion 
of micropegmatite, and may be termed a granophyre rather than a typícal 
granite. This fact is of interest, since the granophyric structure is so 
highly characteristic of the Newer Red Granites of the central Transvaal, 
and has been considered to be one of the principal characters distinguishing 
them from the Older Granites. 

The green sohists were observed in several localities to the north-west 
and south-west of Tenbosch. They generally show an almost vertical dis- 
position and a highly cleaved structure, which gives a rough jagged 
appearance to an outcrop. Greenish sericitic schists are also exposed near 
the base of the overlying series a short distance south of Stony Spruit. 

The altered and highly tilted sedimentary rocks appear to constitute a 
fairly well-marked zone, striking from Wilson's Kop in a general north- 
easterly direction towards the railway, and occupy a large portion of the 
comparatively high rough ground lying between the railway and Stony 
Spruit. They consist of hard dark greenish quartzites, sheared conglo- 
merates, highly indurated, cleaved, dark reddish shales, and banded 
ferruginous rocks. The banded rocks are well exposed in Stony Spruit, 
close to the base of the overlying sandstones. They are vertically dis- 
posed, and identical in appearance and composition with the so-called 
'* calico *' or *' bacon-rock " of the Barberton district. The conglomerates 
contain, as a rule, pebbles of comparatively small size, small black shaly 
pebbles being common, and occasionally pebbles of a banded rock may be 
observed. 

These rocks undoubtedly belong to the Barberton Series of Molen- 
graaff, but we may now include them in the Swaziland System of Dr. 
Hatch. In all probability they could be followed from this area uninter- 
ruptedly into the Makonjwa Mountains and the Moodies Range behind 
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Barberton. As a distinctive designation for this group of altered sedi- 
mentary rocks, I would propose the adoption of the term Moodies Series, 
since they are so well developed in the mountains of that name in the 
neighbourhood of Barberton. 

IV. THB COAL-BEARINQ SERIBS. 

We now come to the rocks of the Karroo System. The lowest division 
iu this district is the coal-bearing series, which, as already pointed out, 
extends from the extreme north to the exlreme south of the area surveyed, 
and constitutes a belt with an average width of about 3J miles. It rests 
everywhere with a well-marked unconformity upon the older granites, 
schists, and altered rediments of the Swaziland System, and no evidenoe 
whatever was observed which could lead to the conclusion that it had been 
faulted down against these older rocks. The average dip of the strata 
was found to be 10 degrees, the direction of inclination being invariably 
towards the east. 

The series consists essentially of alternations of grits, sandstones, 
shales, and occasional coal-seams. Overlying these, and separating them 
from the volcanic rocks on the east, we have the red shaly beds and fine- 
grained sandstones already alluded to, and which it will be advisable to 
keep distinct from the coal-bearing rocks and assign to a separate division 
iii the general sequence. 

The thickness of the entire sedimentary series from the floor of older 
rocks up to the base of the overlying volcanic group, assuming the former 
to be uniform, and taking the average width of outcrop of the series as 
3J miles, and the dip of 10 degrees as constant, may be estimated approii- 
mately at 3,200 feet, while the coal-bearing series alone would not be far 
short of 3,000 feet in thickness. This would include all intrusive sheets 
of igneous rock, which in certain parts of the area are fairly numerous. 

The best natural exposures of the coai-bearing rocks are to be found 
along the Crocodile and Komati Uivers, and the small spruits, such as 
Stony Spruit, which drain into them. The country, on the whole, is so 
covered with vegetation and superficial accumulations that outcrops, except 
of some of the harder beds of grit and sandstone, are elsewhere not often 
met with. The shales being soft and easily disintegrated are usually only 
found along the banks or bed of the rivers and small streams. 

The lowest beds seen of this series consist of pale, hard, often coarse, 
felspathic grits. These are seen on the Crocodile River, a short distance 
below the most easterly exposure of the granite. They form a group of 
small kopjes to the north-west of Tenbosch Station, and are again well 
exposed in the neighbourhood of Stony Spruit. These grits are often 
very massive, contain pebbly bands, and show every appearance of having 
been derived from the disintegration of coarse granitic rocks. They are 
followed by alternations of sandy micaceous shales, carbonaceous shales, 
grits and sandstones. 

In the lower part of the series an outcrop of coal has been known for 
some time on the left bank of the Crocodile River, and it was this which 
first drew attention to the possibilities of the district. The coal occurs 
at a horizon not far above the grits already referred to. It is not more 
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than 2 feet 6 inches in thickness, but is practically íree f rom interstratified 
shaly matter. It is underlain by 6 feet of dark sandy micaceous shales 
resting upon grits, and overlain by 2 feet of carbonaceous shales with thin 
coaly laminsB, succeeded by grits. An analysis was made of selected 
samples- of this coal in the laboratory of the Geological Survey, and showed 
very fair quality for an outcrop coal exposed on the bank of a river, a 
dried sample giving the following result ; — 

Volatile matter ... ... ... 21*26 

Fixed carbon ... ... ... ... 61*85 

Ash ... ... ... 16-89 

Sulphur ... ... ... ... trace. 

Calorific value — 5170. 

Another well-marked zone of grits and sandstones occurs near the 
upper portion of the coal-bearing series, and forms a well-marked line of 
cliffs along the right bank of the Crocodile River, about 7 miles above the 
Selati railway bridge, and is again well seen on the Komati River about é 
miles above Burns' Store. 

It was probably from the middle portion of the series that the thick 
coal-seam was reported as having been struck in the borehole put down by 
the Central South African Railways in June, 1903. This borehole was 
situated about 1,000 yards N.N.W. of Tenbosch Station, and at a depth of 
114 feet a thickness of 33 feet of coal and shale was said to have been 
traversed. The shale, according to the details supplied with the borehole 
section, did not exceed 8 feet in thickness, the coal therefore totalling 25 
feet. It is unfortunate that, owing to this coai all being washed out in 
the boring operations, it was impossible to obtain any particulars as to its 
character and quality. During the winter of 1905 a trial shaft was put 
down by Mr. J. Moore, about IJ miles south of Tenbosch Station, and close 
to the east boundary of the Central South African Railways coal reserve, 
and was carried to a depth of 184 feet. This shaft shows the usual and 
characteristic alternation of sandstones of varying texture with beds of 
shale, the sandstones being felspathic and often micaceous, while the shales 
are often carbonaceous, and are sometimes crowded with f ragmentary plant 
remains, probably including Vertehrariu (rhizome of Glossopteris), but 
mostly not sufficiently well preserved for definite identification. Three or 
fnur thin seams of coal were struck, the lowest near the bottom of the shaft 
being 4 feet in thickness, but these are too much intermixed with shaly 
matter to be of any commercial value. The position of these coals is 
apparently slightly above the horizon of the Central South African Rail- 
ways borehole, and probably if Mr. Moore's shaft had been continued, the 
horizon of the thick seam reported from that borehole might have been 
struck at no very great depth. 

Further south, on the Komati River, about two miles above Furley's 
Drift, at Jacobskraal, a borehole was put down by Mr. Otto Tobler, of 
Louren^o Marques, shortly after I had left tEe district. Mr. Steart, 
however, re-visited the district the following December, and Mr. Tobler 
vcry kindly provided him with full particulars of the borehole and speci- 
mens of the core. This borehole was apparently commenced at a higher 
horizon than the shaft at Tenbosch, and only a short distance below the 
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fine-grained sandstones and red shales, which overlie the ooal-measure 
series. It is probably, therefore, well situated for ascertaining approxi- 
mately the highest horizon in the formation at which coal may reasonably 
be expected to be found. The general succession of strata passed through 
consists of the usual alternations of grits, sandstones, and shales, with 
occasional intrusive sheets of basic igneous rock, while three seams of 
coal, the largest being 4 feet 6 inches in thickness, were passed through 
between tbe depths of 65 feet and 78 feet, and a 3 feet 4 inches seam was 
struck at 104 feet 10 inches. Below this depth, however, only a few very 
thin seams were found, not exceeding one foot in thickness, the last 240 feet 
of the core consisting entirely of grits, sandstones and shales, with 
occasionaligneous rocks. 

Analyses obtained by Mr. Tobler of the cores of these four coal-seams 
show a strong anthracitic tendency, but a somewhat high percentage of 
ash. The percentage of fixed carbon is higher than the average of the 
High Veld coals, while that of volatile matter is relatively lower. Perhaps 
the low percentage of the volatile constituents and the increased proportion 
of fixed carbon is due to the forraer having been driven off from the effect 
of the igneous intrusions, which are common in this part of the district. 
The rather high percentage of ash is somewhat detrimental to what would 
otherwise constitute an excellent steam coal. The results, however, 
obtained are certainly of a most encouraging nature. I propose to give 
f urther details with regard to the coals of this district in a separate report, 
which will shortly be issued by the Geological Survey. 

Above Furle/s Drift, the coal-measure series is traversed obliquely 
by the Komatli River, and when we get as far south as the junction with 
the Lomati River, we find the western margin of the coal-bearing series 
some distance to the east, slightly further south this distance being abouD 
three miles, the intervening area being occupied by the Older Granite. 
Now the course of the river in this part of the area, according to Major 
Jackson's series of maps, is almost due north and south from Furley's 
Drift, the corrected course, however, being shown upon the map acoom- 
panying this paper. The true position of the mouth of the Lomati River 
was found to be nearly five miles to the south-west of that shown on 
Jíickson's map. Further south, however, the Komati River again follows 
the coal-measures till within a few miles of the Swaziland border. 

The mapping of these rocks was not ca^'ried further south than the 
northern boundary of Swaziland. There is no doubt, however, that they 
extend through Swaziland, and so probably into northern Zululand and 
Natal, the Komati Poort Series being in direct continuity with that on the 
property of the Swazi Coal Company. This fact, judging from the quality 
of the coal found in Swaziland, should be of considerable encouragement 
to claim holders near Komati Poort. 



V. THE FINE-GRAINED SANDSTONES. 

We will now briefly consider the series of sandstones which constitute 
the uppermost division of the sedimentary rocks of Karroo age in this 
district. 



Digitized by 



Google 



THE OEOLOOY OF THE NEIOHBOUBHOOD OF KOMATI POOBT. 25 

These Bandstones usually form a fairly oonspicuous outcrop, so that 
little diflficulty is experienced in following them through long tracts of 
bush covered country. They further possess special and peculiar ohar- 
acters, essentiallj their own, which render them easy of identifioalion 
and mark them out as a distinct and characteristic sulMÍiyision in a 
varied suocession of strata. As a constant, though narrow, zone between 
the coal-bearing series and the amygdaloidal basalts, they further serve 
m a reliable index of a partioular geological horizon in the general series, 
and so may render good service to the prospector who has made their 
acquaintanoe. 

These sandstones usually crop out in undulating hummooky masses 
without any sign of stratification. They are very fine-grained, even- 
teitured throughout, soft, and of a pale greyish, or more usually yellowish, 
sometimes pinkish, oolour, and sometimes mottled with darker spota. A 
peouliar feature is seen in an outorop on the Crocodile River, whioh is 
oharacterised by the presence of numerous spherical oonoretions, up to 
8 or 9 inches in diameter, usually consisting of a hard outer shell sur- 
rounding a softer interior. The material, however, of these struotures 
apparently only differs in degree of hardness from that of the surrounding 
rock. On the weathered surface they produce an appearanoe like that of 
water-wom pot-holes. 

These sandstones form oomparatively elevated ground, oompared with 
that occupied by the ooal-bearing series, and are well exposed from the 
Selati Railway on the north to Burns* Store on the Komati River, while 
above this point tEeir outcrops are not quite so frequent. An excellent 
seotion of them is exposed in Stony Spruit, where, towards their base, 
they are seen to beoome oalcareous, and are often orowded with irregular 
lumps or nodules of finely crystalline limestone. Beneath these oaloareous 
beds we find thin-bedded, soft, dark red and greenish, sandy shales and 
marls, beds of a red colour predominating, and these are followed by the 
grits and micaceo*^ shales of the ooal-measure series. These red sandy 
shales and marls are also exposed at the same horizon in a small spruit 
on the south side of the Crocodile River, but they were not seen anywhere 
elRe in the district, except at these two looalities. 

I have no doubt whatever that the fine-grained massive sandstones are 
the same as those of the Springbok Flats, which have been shown by Mr. 
Mellor to underlie the Bushveld Amygdaloid, just as in the Eomati Poort 
area they underlie the amygdaloids of tHe Lebombo Flats. Moreover, 
the recent mapping of the area west of the Springbok Flats and south- 
west of Warmbaths has shown that these sandstones overlie the series of 
coal-measure grits, which extend in a general north-westerly direction 
from Hamanskraal and Pienaars Ríver. Further, a series of red and 
purple marls, shales, and very fine-grained sandstones, closely resembling 
the red marl series near Komati Poort, Eave been t/raversed below the 
massive sandstones in a borehole on the Springbok Flats, and I also 
recognised these beds in the material thrown out of a well on the farm 
Lochness 938, to the south-west of Warmbaths. We have, therefore, an 
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ezactly similar succession in both the Bushyeld and Eomati Poort areas, 
consisting of — 

(1) Coal-measure grits, shales, and sandstones. 

(2) Red, purple, and greenish marls and sandy shales. 

(3) Fine-grained, unbedded sandstones. 

(4) Volcanic rooks. 

Now, excluding for the present the coal-measure rocks, it is signifícant 
to note that a striking parallel to the above succession is found in the 
Stormberg Series of the Cape and Orange River Colonies, for there we 
have the Red Beds corresponding to our red and purple marls and shales, 
the Cave Sandstone corresponding to the fine-grained unbedded sandstones, 
and the Volcanic Group of the Drakensberg corresponding to the amyg- 
daloidal basalts. We should, perhaps, scarcely be justified in comparing 
the coal-bearing series of Eomati Poort with the Molteno Beds, since the 
former contains Gloaopteris, which, so far as presen'O evidence goes, does 
not pass up into the Stormberg Series. It is, however, quite possible, 
judging from the enormous thickness of the Eomati Poort coal series, 
that their uppermost portion may be on the same horizon as the Molteno 
Beds. While, however, actual correlation would perhaps be premature 
at present, in the absence of more direct and conclusive evidence, the sug- 
gestion that these Transvaal beds may belong to Ihe Stormberg Series of 
the Upper Earroo is certainly worthy of serious consideration, and it is 
to be hoped that further investigation will settle this interesting question 
definitely. In the meantime I wouíd suggest the term Bushveld Sand- 
êtone to include the fine-grained massive sandstones, together with the 
red marls and shales at their base. The thickness of this series at Eomati 
Poort probably does not exceed 300 feet, while in the Bushveld of the 
central Transvaal it is about 800 feet. 

VI. THE VOLCANIO SBRIES. 

The volcanic series is the uppermost division of the Earroo System 
as? represented in this district, and occupies two well-marked belts of 
country with a general north and south trend immediately to the east of 
\\\e zone of the fine-grained sandstones. It ïorms apparently a conformable 
sucoession with the underlying sedimentary strata. The series falls into 
two well-defined divisions, consisting of — 

(a) The amygdaloidal basalts, and 

(b) The rhyolites of the Lebombo Range; 

the first occupying the low-lying strip of country immediately west of the 
Lebombo Mountains, known as the Lebombo Flats, the second forming the 
conspicuous escarpment of the Lebombo Range itself . 

The amygdaloidal basalts constitute a thick and extensive series of 
basic lava flows, usually amygdaloidal in character. The town of Eomati 
Poort is situated upon these rocks, and they are well exposed for some dis- 
tance along the Crocodile and Eomati Rivers above it. The width of out- 
crop of the series near Eomati Poort is from 6 to 7 miles. This decreases, 
however, considerably in tjie southern portion of the district. There is 
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a general ÍDclination of the series towards the east, but the amount of dip 
cannot be anywhere actually observed. If, however, we assume an average 
dip corresponding to that of the sedimentary rocks below, namely, 10 
degrees, then an average outcrop of 6 miles would indioate a thickness in 
the neighbourhood of Komati Poort of some 6,000 feet, or nearly double 
that of the underlying sedimentary series. 

The normal type of rock is a fine-grained amygdaloidal basalt, varying 
from purple, or sometimes greenish, to almost black. Non-amygdaloidal 
types are also present. Varieties showing the pipe form of amygdale may 
occasionally be observed along the Crocodile River, the supports of the 
railway bridge over this river being constructed of this kind of rock. 
* * Pipe amygdaloids " have also been noted in the Springbok Flats, and, as 
is well known, are a characteristic feature of the lavas of the Stormberg 
Series. It is also of interest in this connection to note that in eastern 
Zululand Mr. W. Anderson* has recorded similar basaltic rocks overlying 
the coal-bearing series of the St. Lucia Coal-field, and in the northern por- 
tion of Zululand he further notes that these basalts are conformably 
overlain by the Lebombo rhyolites and pass northward in a broad belt 
into the Transvaal. Mr. Anderson also records the occurrence of **pipe 
amygdaloids." The Zululand amygdaloids are evidently therefore the 
same as those of Komati Poort and the Springbok Flats. 

Again, to the north of the Transvaal we have a large area of similar 
basic lava overlying the coal-bearing'beds of the Tuli Coal-field in Southern 
Khodesia,* and there is also the possibility of the Zambesi basalts being 
also of the same age. The Komati Poort and Bushveld amygdaloids bear 
a striking resemblance to the volcanic beds capping the Stormberg Series 
of the Drakensberg. Should the correlation of the basic lavas in these 
different and widely separated areas from the Stormberg Mountains to 
Southern Rhodesia, and possibly to the Zambesi, be eventually established,* 
we shall have evidence of a period of volcanic activity at the close of 
Karroo times truly remarkable for the vast extent of area over which it 
was manifested. 

The rhyolites of the Lebonibo Mountains, which immediately succeed 
the basic amygdaloids, have been briefly noticed by Molengraaff,' while 
Cohen* gives an admirable description of the various types belonging to 
both groups, which he observed when crossing the Lebombo range at 
Matahla Poort, about 14 miles south of Komati Poort. I will not enter 
into any detailed description of these rocks. It wiU be sufficient to state 
that the normal type shows phenocrysts of felspar (plagioclase) and small 
greenish specks, representing the ferro-magnesian constituent in a compact 
reddish-purple ground mass, which varies both in texture and structure. 

« First Report Geoloírical Survey of Natal and Zuhiland (1902), pp. 60, 61. 

* See Molyneux, " The Sedimentary Deposits of Southem Rhodesia," Quart, 
Joum. Oeol. Soc., vol. lix. (1903). p. 266. 

♦ ThÍB correlation has been briefly sugpested by Passarge; see "Die Klimatischen 
Verháltnisse Sud-Afrikas," ZeiUchrift d. Qes. fur Erdkunde zu Berlin (1904), No. 3, 
p: 179. 

»Report State Geologist, S.A.R. (1897), English translation, p. 138, and 
*' Geology of the Transvaal," p. 80. 

• "Erlftutemde Bemerkungen zu der Routenkarte von Lydenburg nach dcr 
Delagoa Bai," Jahresher, d, Geogr, Ges. in Hamburg (1875), pp. 244-299. 
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A highly perfect flow struoture is especially characteristio, and the rocks 
show constant characters over long distances. A glassy variety resembling 
pitchstone, and containing plagioclase and augite in a glassy base, occurs 
on the Portuguese side of the range. 

If we foUow these rocks into Portuguese territory, it is found that the 
rhyolitic type does not by any means constitute the uppermost division 
of the volcanic series, for they are again succeeded by a considerable belt 
of basic rocks, which occasionally show small ridges of the Lebombo type 
88 if interbedded with them — stiU with an easterly inclination. We thus 
have to deal with a very extensive and thick series of volcanic rocks 
forming the uppermost portion of the Earroo System of this district. 



VII. THB INTRUSIVB ROCKS. 

Throughout almost the entire area intrusions of igneous rocks, mainly 
in the form of dykes and sheets, are a common and characteristic feature. 
They are found in the older granite, and throughout the coal-bearing 
series, fine-grained sandstones and volcanic series. In the rhyolitic series, 
however, they are not common, and generally only of smali size. 

The vast majority of these intrusions may be classed as dolerites. 
They are typical dolerites in the sense in which that term is employed by 
Teall, and are usually in a well preserved oondition. They constitute a 
distinct group frora the far older basic intrusions, usually referred to as 
diabases, so common in some of the older formations, such as the Pretoria 
Series. Our Eomati Poort intrusions must be referred to the final stages 
of the period of volcanic action, which marked the close of Earroo 
times, though, at the same time, it is quite possible that some of the larger 
o*' these intrusions may indicate the site of fissurei^ through which some 
of the basic lava flows may have drawn their supply. All the intrusions 
maintain a general nortn and south trend. 

Apart, however, from the normal dykes and siUs of the dolerite class, 
we have a rather different type of intrusion in the southern part of the 
area, represented by the acid rock of Mananga Mountain, which traverses 
the more basic flows immediately underlying the rhyolitic series. This 
intrusion consists throughout of a fine-grained granitic rock, which micro- 
scopic examination shows to be a granophyre, composed of crystals of 
plagioclase, augite, and green hornblende in a ground mass of micropeg- 
matite. Mananga Mountain is itself traversed in places by basic dykes, so 
that it must be referred to an earlier phase in the general sequence of 
events. The Mananga granophyre is the only rock of this type whioh has 
80 far been recorded from the Transvaal in association with rocks of 
Earroo age. There is evidently a strong petrological affinity between it 
and the neighbouring rhyolites, and it is quite possible that the Mananga 
intrusion may represent the site of one of the local centres of eruption, 
from which the acid lavas of the neighbourhood were poured forth. 

It Í8 of interest to note that the system of intrusions of the Eomati 
Poort area bear a general resemblanoe to that which f orms so characteristic 
a feature of the Stormberg Series of the Cape, Orange River Colony, and 
Natal. Moreover, several examples of acid intrusions of a similar type 
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to that of Manauga Mouutain have also been recorded froni Cape Colony.' 
These, however, are of a later date than the dolerite intrusions. The 
resemblance, therefore, between the Karroo volcanic rocks, with their 
assooiated intrusives, of the Ëastern Transvaal and those of the Cape 
Colony would be complete, but for the absence in the latter country of acid 
lavas. The resemblance, however, between the intrusive series of the two 
colonies supplies an additional link in the chain of evidence regarding the 
oorrelation of the respective associated lavas. 

VIII. THB RBLATIONS AND POSITION OF THE COAL-BEARING SERIBS. 

This account would scarcely be complete without a brief survej of the 
evidence bearing upon the relations and position of the coal-bearing series 
of Eomati Poort. 

I have already pointed out the remarkable parallelism between the 
red marls and shales, the fine-grained massive sandstones, and the volcanic 
series, on the one hand, and the Red Beds, Cave Sándstone, and Volcanic 
Group of the Stormberg Series, on the other hand, and have suggested 
that, on stratigraphical and petrographical grounds, the horizon of the 
Molteno Beds may possibly be represented bj the uppermost portion of 
the coal-bearing beds. 

Now, if we follow the Komati Poort Series to the south, it will be 
found to extend through Swaziland, and to be practically continuous with 
the coal-bearing series of the St. Lucia Coal-field in northern Zululand, 
while these latter may be followed westward iiito the Vryheid district of 
Natal. In this southern area we have a complete succession from the 
Glacial or Dwyka Conglomerate to tTie Coal-beiaring beds, which in the St. 
Lucia Coal-field are overlain by the Volcanic Series ; whereas at Komati 
Poort the Glacial Conglomerate and the succeeding black shales of the Ëcca 
Beds are absent. Dr. Molengraaff at first correlated the coal-bearing series 
of Vryheid with the Stormberg Beds, but later he was inclined to consider 
them as representing the Beaufort Series, restricting his Ecca Beds to the 
series of dark shales, which immediately succeed the Dwyka Conglomerate. 
Anderson,* however, fails to agree with this classification, and in northern 
Zululand, immediately east of the Vryheid district, includes everything 
from the top of the Dwyka to the base of the Volcanic Series in the Ecca 
Beds, his only reasons for so doing being apparently based upon the fact 
that the coal-bearing beds immediately succeed the black shales of Ecca 
type, and contain Glossopteris and PhyUotheca, He apparently attributes 
no significance to the fact that some 600 feet of sandstones with shales 
intervene in the Vryheid district between the Ecca black shales and the 
coal horizon, although he admits that in Zululand and Natal there is 
always a considerable thickness of strata between the coal and the Dwyka 
Conglomerate. If, however, the Volcanic Series of Komati Poort, Swazi- 
land, and northern Zululand, is the equivalent of the Stormberg Volcanic 



^ See Rogers, ** (Jeology of Cape Colony," pp. 260-288. 

• See Report on a Geological Survey of the Eastem Half of Zulnland ; Firat 
Report Geol. Snrvev of Natal and Zululand, pp. 52-58 ; also Second Report Geol. 
Survey of Natal ana Zululand, pp. 52-57. 
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Group, then Anderson's classification in Zululand entirely faiU to account 
for the whole of the Beaufort, Molteno, Red Beds, and Cave Sandstone. 

Further, the palseontological evidence, so far obtained by Anderson, 
from north-east Natal and Zululand, by no means establishes the Ecca 
age of his coal-bearing beds. Thus, from the St. Lucia Coal-field several 
species of Glossopteris and Phyllotheca have been described by R. Ether- 
idge, jun.,' but associated with these genera there is also recorded an 
example of Taeniopteris daintreei, McKoy,*** which Etheridge refers, 
however, to Angiopteridium spathulatumy McClelland, also Estheria greyii, 
Jones, and some Ganoid scales and teeth. Glossopterit and PhyUotheca 
are bbth kiown from the Beaufort, as well as from the Ecca Beds, while 
the remaining fossils certainly point to a higher horizon than the Ecca. 
Estheria and Ganoid remains have been recorded from the Beaufort Beds, 
but no Taeniopterid forms are as yet known in South Africa from a lower 
horizon than the Molteno Beds. In addition to this evidence, Seward,** in 
describing some plant remains from the Umhlali Coal-field, to the south 
of St. Lucia Bay, refers them, though with some reserve, to the Beaufort 
Beds. There is some reason, therefore, for regarding the statement that 
the coal-bearing beds of northern Zululand belong to the Ecca Series as 
scarcely supported by good evidence, either stratigraphical or palaeonto- 
logicaL The present data, as I have endeavoured to point out, indicate 
rather, on the other hand, that a higher horizon, such as the Beaufort, is 
represented, while the presence of a Taeniopterid form would indicate 
that the Molteno horizon may also be represented, and strengthens my 
suggestion of the presence of this horizon in the Komati Poort area also. 

Another point, deserving of some considefation, is the relatively low 
level at which the coal-bearing rocks occur in the eastern Low Country, 
ccmpared with the level of those situated on the High Veld. Dr. Molen- 
graaff considered that the Komati Poort beds had been let down from the 
level of the High Veld by a large f ault, which he termed the Great Eastern 
Fault. But I could find no signs whatever of any faulting having taken 
place along the western margin of the coal series in the Komati Poort 
district, the line of junction between these strata and the older granite 
and schists indicating not a fault, but a normal unconformable succession. 
If any faulting has taken place in this area, the line or lines of dislocation 
must be concealed in the granite area further west. 

The Komati Poort Series has an average dip of 10 degrees to the east. 
Now, if these beds were continued in a westerly direction with the same 
dip, they would pass considerably above the present level of the High 
Veld, and it would be found that a dip of two degrees would be quite suf- 
ficient to enable their westerly extension to form a junctíon with the High 
Veld Series. A very slight easterly inclination, therefore, would be quite 
sufficient by itself to carry the HigH Veld coal-measures down to the level 
nf the neighbourhood of Komati Poort. But at the same time, of course, 
it is quite possible that faulting has also had some share in thus lowering 
the position of these beds. 



» Second Report Geol. Survey of Natal and Zululand, pp. 69-76. 
* • This Bpecies is re^arded by Seward as synonymous with T, carmthersiy 
Feistniantel, írom the Molteno Beds (see Seward, Antials S.A. Miiseum, vol. iv. p. 59), 
^* Second Report Geol. Survey of Natal and Zululand, p. 101. 
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Further south, the same gradual change of level maj be obseryed in 
all its intermediate stages by following the coal-bearing series from the 
extreme south-eastern portion of the Transvaal down to Newcastle and 
Dundee, and thence across the Vryheid district and northern Zululand to 
the neighbourhood of St. LucTa Bay. The easterly inclination, on the one 
hand, taken in conjunction with the position and behaviour of the Earroo 
rocks on the higher ground to the west, may perhaps be explained by the 
ezistence of a broad and gentle monoclinal fold, the main azis of wHich 
would be situated somewhere in the intervening zone, between the easterly 
dipping series near the coast and the High Veld. 
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NOTE ON THE WORK OF THE GeOLOGICAL SuRVEY OF THE 

Transvaal (Read 12th March, 1906). 
By Herbert Kynaston 

(Director of the Geological Survey of the Transvaal). 



In view of the great interest which the members of this Society 
iuvariably show in the work of the Geological Survey, I would likë to make 
a few remarks in connection with that work, and especially with reference 
to certain points raised by Dr. Hatch in the course of his Presidential 
Address at our last Annual General Meeting. I am quite aware that Dr. 
Hatch's object was to assist the Survey, yet I think that some of his 
remarks appeared to give an unf-avourable and wrong impression with 
regard to the work that the Survey has been and is carrying on. 

Dr. Hatch alluded to certain differences of geological opinion on im- 
portant questions between the Survey and certain members of this Society, 
and expressed the opinion that the Survey would be better employed in 
investigating ard settling these questions than in mapping what he terms 
*' outside districts/' Now, with regard to the first of these differences, 
namely, the geological position of the Transvaal coal-bearing beds, I wiU 
not say anything just now, except that the Geological Survey is at present 
investigating the facts bearing upon this question, and not shelving it, 
as Dr. Hatch seemed to think. My own work in the Komati Poort Coal-field, 
which is the subject of a paper contributed to this Society, deals to a 
certain extent with some of the facts, and I hope that we shall shortly have 
f urther results bearing upon this question, which is one that the Geological 
Survey is as eager to settle as any geologist in this country. 

Then, with regard to the existence or non-existence of an older system 
of sedimentary rocks than the Witwatersrand Beds, and the relationships 
of the Old Granite, surely the paper by Messrs. Hall and Humphrey, dealing 
with the rocks underlying the Black Reef north of Krugersdorp, and em- 
bodying the result of work done last October, is sufficient evidence that 
these important questions are not being neglected either. But the question 
of the relationship of the Old Granite is surely not one which, as Dr. 
Hatch remarked, affects the mapping of thousands of square miles of 
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country. It can only affect our interpretation of that mapping. The 
boundary lines and colours on the map for Old Granite and Witwatersrand 
Series respectively could not be affected by the intrusive or non-intrusive 
charaoter of the granite. AU such questions as these, however, certainlj 
involve the sjstematic investigation of thousands of square miles of coun- 
try, and the coUection of a mass of evidence, which must be reliable and 
convincing, and theref ore cannot be settled by a few sections here and there, 
but only by systematic and connected work, which of course takes time. 

Now, I would like to point out that in dealing with important ques- 
tions, like those referred to by Dr. Hatch, it is frequently just in those 
very ** outside districts," where he seemed to think we were spending too 
much time, that the solution of the big problems is often found. Did not 
Dr. Hatch himself come to the conclusion that there was a system of rocks 
older than the Witwatersrand f rom observations made some 200 miles f rom 
Johannesburg ? I consider that it is the duty of the Geological Survey 
to obtain as much information as possible about the whole of thia colony, 
and to investigate every part of it; for it seems to me that it is just from 
these '* outside districts " that geological informatíon is most wanted, while 
no area is better known than the Rand, which, judging from the excellent 
work turned out by members of this Society, cannot possibly be in any 
danger of geological neglect. 

I would further point out that oonsiderable attention Eas been given 
by the Survey, and I hope to some good purpose, to the Pretoria Diamond- 
fields, the Coal-field of the Middelburg district, the Bushveld Tin-fields, 
the Lydenburg Gold-fields, and the Komati Poort Coal-field, areas, which I 
am sure you wiU agree with me in considering of undoubted importance 
to the mining industry. Districts which are important from the point of 
view of economic geology will always receive special attention from the 
Geological Survey, and I can assure this Society that the Survey is by 
no means neglecting the more important problems connected with the 
progress of Transvaal geology. 
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Glacial Phenomena in Griqualand West 
(Read 12th March, 1906). 

By R, B. Young and J. P. Johnson. 

[Plates X., XI., and XIL] 



During the earlier part of a reoent journey through Griqualand West, 
we had many opportunitiea of observing glacial phenomena of Dwyka 
age. Our preyious knowledge of the glacíal geology of this area was 
mainly deriyed from the writings of Mr. G. W. Stow^ and Mr. E. J. Dunn.* 
In the unpublished writings' of the former there still lies hid a wealth of 
information on the subject, and in our paper we shall endeavour to 
encroach as little as possible on the material dealt with in these MSS., 
which we trust wiU shortlj be given in a suitable form to the public. The 
glaoial phenomena south of the Griqualand West border have been 
desoribed by Mr. E. J. Dunn* and by Messrs. A. W. Rogers and E. H. L. 
Schwarz.* 

From Riverton, on the north, our route followed more or lees the 
course of the Yaal River, and of the Orange River after its confluence 
with the former, as far south as Prieska. We therefore travelled along 
the western f ringe of the Earroo System, and naturally met with numerous 
ezposures of the Dwyka moraine and the glaciated floor on which it rests. 

From Riverton to the southern extremity of Kareyn Poort we passed 
over volcanic rocks with several outliers of the Lowest Earroo Beds reeting 
upon them. These igneous rocks outcrop to considerable distances on both 
Bides of the Yaal River, and stretch as a broad belt in a north-easterly 
direction into the Transvaal. There is an eztensive outcrop of apparently 

* **Geological Notes upon Griqualand West," Oiiarí. Joum, Oeol. Soc,, vol. xxx. 
(1874). 

' Cape of Good Hope Parl. Report (1886). 

* MoS. containing an account of an official Burvey of a portion of Griqualand 
West (1874-75) at present in the possession of the Geol. Soo. of S.A. 

* Loc, eit, and Cape of Good Hope Parl. Report (1873). 

* Annual Report of the Geological Commission, Cape of Good Hope (1890). 
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the same rooks at Douglas, and to the north-west and south-east of that 
town. They are largely basic in composition, and are probably all of 
Ventersdorp age. Generally, they f orm gently undulating or hilly country, 
which, notwithstanding the results of weathering, still presents the char- 
acteristic contours of a glaciated region, and in which, as might be 
expected, the present drainage system can be seen accommodating itself 
more or less to the glacially modified pre-Dwyka river valleys. The rocks 
to the west of- the Vaal and Orange Rivers, from the Hart River to the 
Saud liiver, are mostly the quartzites, shales and limestones that underlie 
conformably the thick limestone of iïíe Campbell Rand. These rocks 
have a gentle dip to the south-west. West of the Orange River, from the 
Sand River to Prieska, the banded jaspideous and magnetic rocks of the 
Griquatown Series underlie much of the extensive deposit of Dwyka 
moraine which is f ound in this area. As one approaches Prieska, glaciated 
hills of the Griquatown rocks project above the surrounding moraine. 

The pre-Dwyka land surface in the area dealt with in this paper con- 
sisted, as far as can be seen, of a somewhat hiUy region of volcanic rocks 
to the north-east ; to the west, of an area rising gently in terraoes in that 
direction, and consisting of quartzites, shales and limestones; and to the 
south, of a rugged hilly country of thin-bedded jaspideous and magnetic 
rocks. The general downward slope of the whole area was to the south- 
west. 

Portions of this land surface, from which the oovering of morainé 
has been removed comparatively recently, were met with at the following 
places : — 

The north-east corner of the salt pan near Riverton Road Station. 

The left bank of the Vaal River, about two miles above Riverton. 

East of the Vaal River and '' the Island," at Riverton. 

Ëast of the Vaal River, about eight miles below Riverton. 

East of the Vaal River, above Pniel Mission Station. 

East of Schmidt's Drif t, to the right of the road to Eimberley. 

The farm Roodekopjes. 

East of the Vaal River, above Douglas. 

The farm Blaauwbosch Drift. 

The farm Blaauwbanksfontein. 

The glaciated surf aces on the Vaal at Riverton and those above Pniel 
Mission Station are described by Stow in his MSS. 

Occasionally, as at Riverton and Pniel, these surfaces consist largely 
of beautiful roches moutonnéeSy which rise above the general level of the 
ground, and f requently show conspicuous Stoss- and Lee-SeiUn (see Plate 
X.). More often, as at Blaauwbosch Drift, the surfaces are flat or only 
gently curved. AU of them exhibit glacial markings, with the exception 
of the exposure at Blaauwbanksfontein, where the surf ace f orms the steep 
side of a kopje composed of slightly inclined thin-bedded jaspideous rocks 
of the Griquatown Series. Ëven at the junction of these rocks and the 
overlying moraine we could observe none of the usual markings. 

Well-marked glacial grooves frequently occur and testify eloquently 
to the erosive action of the ice-sheet. Two of these are seen on a roehe 
moutonnée of diabase, about two miles above Riverton (see Plates X. and 
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XI.). One of them, best sliown on Plate XI., is somewhat staple-shaped, and 
runs in a west-south-west direction. At the bend, the convexity of which 
faces to the east-north-east, it is about two feet deep, and the two open 
ends shallow and disappear to the west-south-west. It is partly fílled with 
soil and moraine material in situ, The enclosed ridge of diabase aSords 
a good instance of **crag and tail." 

The striae are generally very well preserved. On flat or gently 
rounded surfaces the individual striae are remarkably long and persistent, 
the amount of intercrossing being usually comparatively slight ; but as the 
surfaces approach the vertical the striae frequently become markedly 
shorter and more and more confused in direction. 

Long lines of **chatter marks " are very oommon. These, which 
coincide in direction with the striee, consist of series of roughly parallel 
curved lines, varying in length from one to four inches. They are similar 
to the markings frequently left by a gouging tool when moved over an 
uneven surf ace, or not firmly held. The tool was here a boulder or pebble 
held in the unsteady grasp of the ice. They are particularly well seen at 
Pniel, Hoodekopjes and Blaauwbosch Drift. 

The polishing of the surf aces naturally varies in perfection with the 
nature of the rocks composing them. In the case of those that are of 
diabase there is frequently a secondary polish imparted to them by a thin 
coating of ferric or manganese ozide. 

Evidences of ** plucking'*' are very numerous, especially on the lee 
side of master joints, and afford a valuable indication, where no other is 
available, of the direction of the ice-movement. Morainic material is fre- 
quently found pressed into the joints and also filling up the gaps left by 
blocks that have been wrenched away from the locky floor. 

The glaciated surfaces described above seem to have early attracted 
the attention of the Bushmen who once inhabited this country, for they 
have literally covered some of them with carvings or chippings representing 
various deer, the lion, the rhinoceros, the boar, and other animals. There 
are also grgups of hieroglyphics which probably constituted the manu- 
Bcripts of the Bushmen of this region. Many of the ruder and more 
faithful representations must be of considerable age, and testify to the 
resistance to weathering of the glaciated surfaces. 

The evidence of the glacial markings goes to prove that the general 
trend of the ice-movement was f rom the north-east to the south-west. This 
is shown by the direction of the strise, which, however, is subject to a 
slight local variation, the form of the roches mouionnées^ the ** crag and 
tail " phenomena, as that mentioned above Riverton, and the persistence 
of the ** plucking ' on the south-west side of joints. 

The covering of moraine varies locally in thickness, but there is a 
well-marked general thickening from the north-east to the south-west. At 
Riverton, and in the sections exposed in the mines at Kimberley, the 
thickness varies from about ten feet to nil. At Blaauwbosch Drift the 
average thickness is about twenty-five feet. At Sand Drift, where the 
top and bottom are not visible, there is an exposure of from two to three 
hundred feet. 

There is also a marked lithological difference between the moraines 
of the north-east and the south-west. In the north-east the moraine is hard 
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and compact, and the proportion of boulders to fíne material is great. Its 
upper surface, notwithstanding the local variation in thickness, retains 
the contours of the underlying glaciated floor. On being removed, its 
lower surface, which is much impregnated with ferric oxide, eihibits a 
good cast of the striae and other markings on the floor. On fractured 
surfaces it is generally light greyish-green or brownish in colour. 

In the south-west the moraine presents a very marked resemblance 
to the Pleistocene boulder-clay of Europe, and the term ** boulder shale" 
applied to it in his MSS. by Stow is very appropriate. On exposed sur- 
faces the matrix is comparatively soft and friable, and exhibits an im- 
perfect sort of lamination, which may be secondary. Occasionally 
exposures of a tougher variety are seen, as on the farm Blaauwbank 
(0*376 D). The boulder shale is there traversed by vertical and horizontal 
joints, the vertical ones being the more strongly marked and often fíUed 
with veins of fíbrous gypsum. The proportion of boulders to matrix is 
much less than in the north-east. Wherever the top of the moraine was 
visible, its outline was approiimately horizontal. In colour, the matrix 
varies from greyish-green to bluish-green. 

The boulders and pebbles in both moraines are scattered promiscu- 
ously throughout the matrix. Several of the boulders seen are very large 
and must weigh several tons. The proportion of smoothed, striated and 
facetted boulders and pebbles is always great. At Tweefontein and Sand 
Drift many of the boulders and pebbles are cleaved in an approximately 
horizontal direction, without regard to composition.* Generally the slices 
have shifted relatively to each other in the same direction, and often 
vertically in addition, the resultant gaps being fíUed with the matrix of 
the boulder shale or a mixture of that with calcareous matter. Sometimes 
the matrix in the neighbourhood of such boulders breaks away in pieces 
possessing slickensided surfaces. 

Both Shaw' and Dunn^ give good accounts of the composition of the 
boulders and pebbles, but we may remark that this has always a local 
aspect, though a good few of the boulders appear to have travelled from 
a distance. The evidence of the boulders agrees with that of the striated 
pavement with regard to the direction of the ice-movement, and indicates 
that it tookplace from the north-east to the south-west. 

When microscopically examined, the fíner clastic ingredients of the 
moraines are found to be comparatively f resh, and similar in composition 
to the minerals of the enclosed pebbles and boulders. In the hard north- 
eastern type of moraine, calcite is frequently present as binding material. 
In the south-west, where the matrix is less porous, there is generally no 
infíltrated cementing substance present. 

The bulk of the morainic material, to which only the foregoing 
description applies, shows no stratification or only the imperfect lamina- 
tion of the matrix already mentioned, but there occurs at many places, 
especially in the south-west, evidence of contemporaneous aquo-glacial 
action. In the north-east, a variable thickness, generally about fíve feet, 

• Seo E. H. L. Sohwarz, Trans, 8.Á. Phil, Soc.y voL xiv., part 4 (1903). 
' Loc. cit. 
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of light green laminated and friable shale, is frequently found overlying 
the hard bouldery moraine. This shale bears a strong resemblance to 
much of the matrix of the south-western moraine and to isolated patches 
of undoubted aquo-glacial shale that ocour there, and is probably also of 
aquo-glaoial origin. The patches last-mentioned are laminated, and may 
contain occasional pebbles and boulders. One occurrence at Schmidt's 
Drift, at the top of the moraine, encloses a hard layer of conglomerate, 
which is about two feet thick and twenty feet long, and lies slightly 
oblique to the lamination. This layer is of a similar character to those 
about to be described. 

At Douglas, Blaauwbosch Drift, and other places in the south- 
west there lie enclosed in the boulder-shale numerous lenticular 
and irregular bands of harder material, which stand out very prominently 
from all sections where they are exposed. They vary in length from two 
to fifty feet, or more, and from one to six feet in thickness. They lie at 
all angles, from the horizontal to the vertical, thóugh the latter is excep- 
tional. In composition, they vary from a hard clay enclosing a few 
scattered pebbles, through sandstone and grit to a very coarse conglo- 
merate, the pebbles of which are as large as a cricket ball. Several of the 
bunds, however, resemble indurated portions of the surrounding boulder- 
shale. As a general rule, the coarseness of the material of the bands 
increases as they depart from the horizontal. Some of the coarser bands 
are distinctly stratified, and show an alternation of layers of grit and oon- 
glomerate. The cementing material is calcite, which may be either 
coarsely or finely crystalline. An examination of microscopic slices of the 
hard clay bands and of the matrix of the boulder-shale reveals that in the 
former, though fine-grained, there is a lack of the finest material to be 
found in the latter. Some of the smaller occurrences have all the appear- 
ance of boulders, and appear to have been mistaken for such by Stow.* 

There can be no doubt that many of the bands are made up of water- 
sorted material, aiid are contemporaneous in origin with the enclosing 
rock, and as they have all features in common, and seem to form one 
system, it is probable, notwithstanding the diflficulties to be overcome, that 
they are all of similar origin. Their irregular disposition may be mostly 
due to temporary unevenness of the surface of the tiU during deposition. 
The bands being more porous than the surrounding boulder-shale have 
been hardened by infiltrated calcite. 

In a cliff section at Blaauwbosch Drift there appears a horizontal line 
of the finer-grained hard bands extending for more than half a mile, and 
on excavating the boulder-shale intervening between several of these hard 
outcrops, we found them to be continuous further in from the face of tlie 
cliff, and it is possible that they mark the former position of an anasto- 
mosing system of gently-flowing sub-glacial streams. 

In the upper part of the moraine, in the same locality, there are 
exposed some fíve feet of characteristic fluvio-glacial deposits. These 
are composed of irregularly bedded conglomerates, grits and sandstones, 
with occasional layers of unsorted material, identical with the underlying 

« Loc, cit., p. 598. 
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boulder-shale. At Sand Drift tliere is a more exfensive exposure of 
similar deposits, which attain a thickness of over sixty feet. 

Wherever the top of the moraine is exposed it is f ound to be overlaid 
by evenly-bedded, frequently highly calcareous, soft shales, with occasional 
hard bands. 

The features of the glacial deposits in the south-west afford consider- 
able evidence as to their mode of origin. The intercalation of aquo-glacial 
deposits throughout the whole mass of unstratified tiU, the absenoe of con- 
torted layers, the inclusion of bands of unstratified tiU in the upp^ 
fluvio-glacial beds, point to the whole mass of morainic material having 
been deposited during the final retreat of the ice in great part as a ground 
moraine beneath the ice-sheet near and at its margin. The greater propor- 
tion of fine material in the moraine to the south-west is probably largely 
due to the circumstance that the underlying rocks are sedimentary, and 
were more easily ground down than tne tough igneous rocks to the north- 
east. 

After the retreat of the ice-sheet, the moraine-strewn ground became 
covered with a sheet of water, in which the overlying shales were quietly 
dcposited. 



Digitized by 



Google 



40 TRANSACTIONS OF THB GEOLOGICAL SOCIETY OF SOUTH AFRICA. 



Structural and Stratigraphical Notes on the Klerksdorp 
DiSTRiCT, wiTH Special Reference to the Unconformity 
Beneath the Elsburg Series (Read 9th April, 1906). 

By E. Jorissen. 

[Plates XIII., XIV., XV.] 



For many years the Klerksdorp district has attracted the attention 
of the geologist, as well as of the mining engineer, and much diversity 
of opinion has been expressed as to the proper reading of the phenomena 
there. The following paper deals with some of the problems which 
present themselves, and of which I have tried to give a solution. The 
general geology of the district has been treated by Mr. G. A. Denny* 
in his book on the Klerksdorp Goldfields, and many papers have been 
written on individual geological questions by members of this Society 
and others. To these I refer in the separate sections of this paper. 

The first impression one receives on paying even casual attention 
to the district is that there has been much disturbance, and that there 
is considerable divergence from the persistent stratigraphy of the Central 
Witwatersrand area. As Mr. Denny has said, differences of bedding, of 
strike and dip, and of horizons, calculated to confuse the observer, are 
met on every hand. 

As far as my study of the district has gone, all these differences are 
ref erable to two causes : — 

Firstly. — The unconformity of the Elsburg Series to the beds 

of the Witwatersrand System; and, 
Secondly. — Manifold and repeated folding of the strata caused 
by a pressure directed from west to east, and subsequent 
faulting, oblique, as well as longitudinal. 

» G. A. Denny, "The Klerksdorp Goldfields," London (1897), p. 17. 
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I. — THB UNCONFORMITT OF THB ELSBURO 8ERIEB TO THE BEDS OF THB 
WITWATERSRAND STSTEM. 

This subject has already been touohed upon by seyeral members of 
this Society on more than one occasion. First, by Mr. J. Kuntz* in 
hÍ8 papeí* on the Main Reef Horizon in the Elerksdorp District, and in 
the discussions thereon by Messrs. W. Bleloch, D. Draper, J. Zimmer- 
man, M. Stanger Higgs, and D. Wilkinson'; and secondly, in the late 
Mr. D. Dorffers paper on the Relation of the Buffelsdoorn Series to the 
Lower Witwatersrand Beds in the Klerksdorp District,* and in the dis- 
cussions thereon by Messrs. D. Draper and F. W. Voit.* 

The chief arguments brought forward in favour of this uncon- 
formity were the foUowing: — 

1. The occurrence of pebbles of striped slate or chert and 

quartzite in the Elsburg Series on the Rand proper.* 

2. The fact that the BuSelsdoorn Series (correlated with the 

Elsburg Series by some authors) " was not aSected by 
many of the faults, which oan be clearly seen in the Lower 
Witwatersrand Beds."' 

I may at once state that I do not agree with the correlation of the 
BuSelsdoorn Series with the Elsburg Series proper, and oannot accept 
the former as having any bearing on the question at issue. 

As far as the occurrence of the striped pebbles in the Elsburg 
Series, and even in the Kimberley Series,' is concerned, their presence 
in those beds cannot be accepted a^ a proof of unconformity with the 
Witwatersrand Beds. 

Magnetite-quartzite slate and other striped rocks, from which these 
pebbles may be derived, do not occur in the Witwatersrand System 
(Hospital HiU Slates) only, but also in the Archsean System (** Calico 
Rock" at Mount Maré, " Banded Ironstones" at Abelskop, and all over 
Rhodesia). The similarity of the slates in these two horizons is so great 
that specimens from both cannot be distinguished from one another. 

At the time the above-mentioned papers were written, the existence 
of an Archaean System was not generally accepted, and what we now 
regard as its constituent beds were plaoed in the Witwatersrand System. 
The origin of a striped pebble in the Elsburg Beds is no longer clear, on 
account of the similarity just mentioned. It may have come from the 
Archsean System just as well as from the Witwatersrand System. 

The only absolute and convincing proof of the unconformity is a 
direct unconformable contact between the Elsburg Beds and beds 

• J. Kuntz, " The Main Reef Horizon in the Klerksdorp District," Trans, Oeol, 
Soc. S,A,, vol. vi., p. 106. 

» Trans. Oeol. Soc. S.A., vol. vi., pp. 116- 130. 

• D. Dorffel, "The lïelation of tïie BuJlt'Mtnjm Series t*> tlie Lawer WitwíiUri- 
rand Beds in the KlerksdoTp Dií?trict/- Tran^i. Oeoi. Sot. S,A*t vqU vil, p. 7. 

» Tranê. Oeol. Soc. S.A., vol. viL, pp. 13- H. 

• W. Bleloch, Tram. Qcol Soe. S.A., vúl vl, p. 12^ r al»t), Tï, Bnii^n Tmttê. 
Oeol. Soe. S.A., vol. vL, n. 125. 

» D. DorflFel, Tram. Uml Soe. S.A., vol m, p. 8 í alKO, !>, Dmpcr, Tmtï#. Gtol. 
Soc. S.A., vol. viL, p. 13, 
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belonging to the Witwatersrand System. It is this proof that I propose 
to submit here. 

Before doing this, I wish to state that the discovery is not mine, 
but was made by Mr. W. Smith, M.E., whose long and intimate 
acquaintance with the Klerksdorp district enabled him to fínd a key to 
the Bolution of one of its most puzzling geological problems. 

Mr. Smith, whilst Consulting Engineer to the Elerksdorp Gold and 
Diamond Mining Company, Limited, noticed that the footwall of the 
80-caIIed '* Gold Estates' Reef " invariably dips away from the reef — 
that whereas the reef dips towards the west the footwall quartzites 
invariably dip east. Examining the surface and the different hills 
situated on the properties of the above-mentioned company, Mr. Smith 
found many such places. These places have been indicated on the 
accompanying sketch map by two arrows pointing in opposite directions, 
and separated by two parallel lines. 

With the assistance of Mr. W. J. Gau, I have photographed two of 
these spots, the one in the mine, and the other on the Elerksdorp Town 
HiII. These photographs (Plate XIII.) speak for themselves, especially 
the one taken by Mr. Gau in the mine, where the bedding planes of the 
footwall quartzites are plainly seen to dip away from the reef. In the 
other photograph, the footwall quartzites are seen to be much crusKed, a 
phenomenon which I hope to explain further on. Although this crush- 
ing has obscured the original stratification of the quartzites, their true 
dip can always be ascertained on a fresh fracture. 

This unconformable contact alone does not, however, constitute a 
final proof of the question under discussion; such a phenomenon could, 
for instance, have been produced by thrust faulting. 

Studying this contact in the mine, one sees that it is not straight, 
but most irregular, so much so that the different shafts started on the 
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reef at the surface, and sunk with one constant dip, ip some places leave 
the reef altogether, passing into the footwall quartzites to come back 
again into the reef further down. 

The line of contact rises and falls — it is, in fact, the old land sur- 
face, in which the prominences represent the harder portions of the 
rocks. Mr. C. J. Hamilton, who studied this question with me, found 
that the pebbles laid down in the hollows are generally much larger in 
size than those in the higher parts of the reef, and that wherever a 
hollow occurs the reef is much thicker than above the so-called " sand- 
stone rolls," or old outcrops. I have endeavoured to illustrate the 
reason for these phenomena in the two attached sketches. In Fig. 1 
the old land surface and the conglomerate bed, with the overlying sand- 
stones, are shown in their original horizontal position. This figure 
explains, I think, without any further comment the cause of the irregu- 
larities in thickness of the conglomerate bed. 



FicfZ 




Subsequent to their deposition, these beds were tilted, and assumed 
the position as shown in Fig. 2. At the same time, there was a move- 
ment of the upper beds upon the older underlying ones, and the pro- 
jecting portions of the latter were subjected to greater pressure than 
those corresponding to former hollows in the old land surface. 

This explains why these old projections are crushed, as is shown 
in the photographs already mentioned. The portions of the conglo- 
merate bed which were situated in the hollows were protected by thëse 
projections, and do not show any signs of crushing, especially in the 
lower parts. The pebbles in these hollows, although large in size, are 
intact; not so, however, those which are situated in that zone of the 
overlying bed which rests on the old projections ("A-A" in Fig. 2). 
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Here all the pebbles are split, some into fíve, and even into six parts, 
the lines of fracture running parallel with a line connecting the tops 
of the old projectione. 

I have seen this unconformity in many places, and in all the same 
conglomerate bed rests upon different rocks belonging to the Witwaters- 
rand System. 

On the southern mynpacht of the Elerksdorp Commonage, as well 
as at the new mine on the large mvnpacht, a conglomerate bed occurs 
in the Witwatersrand Beds at or near this contact, thereby giving the 
impression of an anticline (Fig. 3). In both cases, however, an 
examination of the footwall quartzites at once shows them to be dipping 
away from the overlying conglomerate bed, which always dips west. 
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A little distance past the extreme northern point of the Elands- 
heuvel Hills on the farm Rheebokfontein (550), on a small, roundish, 
flat-topped hill, this conglomerate can be seen resting on red shales 
belonging to the Lower Witwatersrand Series, dipping about 30 degrees 
east. Here the conglomerate bed lies nearly flat — it has a slight dip to 
the west — and must be considered as a remnant of the once overlying 
series. 

From the Klerksdorp Town Hill past the two small hills to the 
southern point of the Elandsheuvel Hills just mentioned, this uncon- 
formity can be seen in many places, in nearly all the cuttings made 
across the overlying conglomerate bed. 

Here again in all cases the same conglomerate hod always íarjns the 
upper member of the contact; it is, thereforé. in tlus part of ihe 
country the basal bed of the overlying series. 

Furthermore, the overlying series always dips conformably under- 
neath the Amygdaloidal Diabase, thereby once more difïerÍDjr from the 
Witwatersrand Series, which are overlain uncoiiforinnbly by the Ániyg- 
daloidal Diabase. 
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A borehole put down through the series near the Manager's house 
on the Klerksdorp Gold and Diamond Mining Company's property 
showed it to consist of quartzites and conglomerates onlj, shales or 
slates having not been encountered. 

There ezists thus in the Elerksdorp district a series of conglo- 
merates and quartzites, always dipping conformably under the Amyg- 
daloidal Diabase of the Vaal River System. They have therefore the 
same geological horizon as the Elsburg Series on the Rand proper, and 
must be regarded as the representative in the Elerksdorp district of 
the latter series. 



II. — MANIFOLD AND REPEATED FOLDINO OF THE STRATA CAUSED BT A PRBS- 
SURE DIRECTED FROM WEST TO EAST, AND SUBSEQUENT FAULTINQ, 
OBLIQUB, AS WELL AS LONGITUDINAL. 

In order to explain these phenomena 'a study of Dr. Hatch's 
Geological Map of the Southern Transvaal is helpf ul (see Plate XIV.). 

Around the northern portion of the granite boss in the Vredefort 
district of the Orange River Colony the beds of the Witwatersrand, the 
Ventersdorp or Vaal River, and the Potchefstroom or Transvaal Systems 
lie in large semi-circles. Beyond this group of semi-circles lies a second 
and larger group, in which the Rand proper is situated. This last 
group is not so well defíned as the fírst, because the component beds have 
not 80 steep a dip, and are more disturbed by faulting. 

Studying the contact between the beds of the inner semi-circles and 
the Vredefort granite boss, on a recent trip with Dr. Sandberg during 
the Christmas holidays, I did not find any conclusive evidence of the 
granite being intrusive in the Witwatersrand Beds. The small granite 
bosses marked by Dr. Molengraaff' on the map accompanying his paper 
on the Vredefort Mountainland owe their origin to folding; they are 
the central parts of anticlines now exposed through the erosion of the 
overlying beds. 

In one place on the farm Eoedoeslaagte (59) the Witwatersrand 
quartzites can be seen resting in a vertical posítion on the granite, both 
quartzite and granite being very much crushed. I could not find any 
evidence of contact metamorphism. 

It is for this reason that I have come to the conclusion that the 
beds of the above-mentioned three systems (Witwatersrand, Ventersdorp 
or Vaal River, and Potchefstroom or Transvaal Systems) have been 
pressed against and round the Vredefort granite boss by a large fold- 
producing pressure coming from the north directly towards the south. I 
have already briefly touchcd upon thls point in my paper on the ** Intru- 
sive Granites."* 

Now, if we study the outer group of semi-circles, which pass 
through the Klerksdorp district, we see that they are more or less 
regular and straight in their central part — that is to say, on the Rand 

• G. A. F. Molengraaff, Trans. Oeol, Soc. S.A., voL vi., p. 20. 

• E. Jorissen, Trans, Oeol. Soc. S.Á., rol. vii., p. 169. 
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proper. From this central part, both east and west, the bending becomes 
more pronounced, the beds are fractured and faulted, and their strike 
and dip become irregular. 

ThÍ8 is especially the case, as far as the western portion is con- 
eerued, t.c, in that portion lying to the south of the farm Buffelsdoorn 
(660). (See Plate XV.) 

From the north-western beacon of the farm Pahnietfontein (697) the 
range of hiUs formed by the Hospital HiU or Green Quartzites bends 
from the south-west to the south. The range, up to this point quite 
rcgular and continuous, breaks up into detached hills, whilst the dip 
of the beds becomes steeper, the beds being even inverted in places. 

The Elandsheuvel Hills, lying in front of the Hospital Hill Quart- 
zite Range, have also been pushed over in the same way. At their 
northern extremity the beds forming these hills dip east, which is their 
normal dip ; going southward along the hills the dip becomes quickly 
st^eper, so that in the centre the beds stand vertical, to dip the reverse 
way — that is, towards the west — stiU further south. 

The main pressure from north to south in the Central Hand, 
developing here into a pressure from north-west to south-east, ís respon- 
sible for the changes in dip just described, and has caused a series of more 
01 less shallow folds. 

Coming from the West Rand, and starting from the farms Varkens- 
kraal (354), Leeuwpan (638), etc, which are situated on the well-known 
anticliue stiU covered by the Black Reef and Dolomite Series (see Dr. 
Hatch's Map), one finds the Lower Witwatersrand Beds outcropping 
again on the farms Rietvlei (352) and Thys zyn Doorns (89). Mr. 
David Draper has given a description of the Lower Witwatersrand Beds 
from here on to the farms Buffelsdoorn (660) and Rheebokfontein (560).*® 
I have gone over a part of the ground described by him, and fully agree 
with him as to the duplication of the Lower Witwatersrand Beds in this 
area. 

Continuing west along the Lower Witwatersrand Beds we can trace 
at least two anticlines separated by a syncline. This syncline is situated 
on the farms Rietkuil (626) and Wolverand (383); it is known as '* The 
Rietkuil Syncline.*' 

This syncline lies between two anticlines, the one to the west being 
extremely well developed on the farms Rhenosterberghoek (652) and 
Rhenosterhoek (583), and may be called ** The Rhenosterberg Anticline." 
The anticline to the east is not so distinct; its northern extremity can 
be found on a hill on the farm Kafferkraal (198), near the Kafferkraal 
mynpacht, where the strike of the beds changes from north and south to 
east and west, and even a little to the north again. Whether between 
this anticline, called by me ** The Kafferkraal Anticline," and the anti- 
cline on Elandsheuvel, there exists another syncline is an open question. 
The fact that the Elandsheuvel Beds turn from a north and south strike 
towards the west seems to point to such a possibility. 

All theso anticlines and synclines have one gharacteristic in common, 
viz., that their axes, instead of being straight lines, are a succession of 

^«> D. Draper, Trans. Oeol. Soc. S.A,, voL vi., p. 124. 
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upward and downward curves, like a series of waves. A longitudinal 
section of the Rietkuil Syncline, for instance, would represent a basin 
in the same way as the transverse section. If we connect this bending 
of the axis of the Rietkuil Syncline with the removal by erosion of the 
upper strata in the elevated portions of the axis, thereby exposing the 
underlying beds, the whole might easily give the impression of a basin, 
where the strata always dip towards the centre of the syncline. This 
kind of synclinal is called a brachy-synclinal. 

Another example of an upward and downward curving in the axis 
of an anticline can be seen on Dr. Hatch's map. In the outer semi- 
circle passing north of Johannesburg the granite is exposed through the 
erosion of the overlying beds. In two places, however, situated east (B) 
and west (A) of the granite boss between Johannesburg and Pretoria the 
granite is still covered by the beds of the Witwatersrand, the Vaal River 
and the Potchefstroom Systems. This can be explained only by a down- 
ward curving of the axis of the anticline. 

The agents of denudation having removed the elevated parts of the 
anticlines and synclines, an oblique section of these folds is now exposed 
on the surface. It is this section which is indicated by the different 
hills on Rhenosterberghoek, Rietkuil, Witpoort, Beentjeskraal, Kaffer- 
kraal, Elandsheuvel, etc. These hiUs consist of Lower Witwatersrand 
Beds. 

This section is not a continuous and regular line of hills and out- 
crops. One of the effects of a folding movement is the fracturing, com- 
pression, and sometimes overthrusting of the strata in the synclines and 
a fracturing and opening out of the beds along the anticlines. These 
phenomena are indicated on the accompanying map. The overthrusting 
of the beds is quite distinct on the farm Beentjeskraal (570), whilst the 
opening out is well represented on the farms Rietkuil (626) and Elands- 
heuvel (376). 

THB PAULTS. 

Several transverse, longitudinal and oblique faults occur in this 
district; their origin must be looked for in the same pressure which has 
already been mentioned as the cause of the folding of the strata. I will 
describe a few of the more important of them. 

A large fault, which I may call ** The Kafferkraal-Elandsheuvel 
Fault," has been indicated on the map by the letters ** A-A.*' As 
already stated, it owes its origin to the fold-producing pressure, which 
at this point has changed its directlon from a north and south to a 
north-west and south-east one, due to the circular shape of the Vredefort 
granite boss, round which the beds have been bent. The beds lying to 
the north of this fault have been pushed towards the south-east. This 
displacement is well indicated on the farm Schoemansfontein (421), and 
even more so on the farm Elandsheuvel (376), where the Ada May Reef 
Series is seen to change its south-west and north-east strike to one west 
and east, and even towards the south-east. The Ada May Reef has, in 
fact, been dragged along the line of faultíng during the displacement 
of the strata, forining the northern wall of the fault. Thjs fault js not 
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80 sharply defined as the well-known Witpoortje Fault on the Weet 
Rand, for example; its walls are separated by a zone, in which the strata 
are broken up and very much disturbed. I have therefore drawn a 
'' faulted zone " on the map instead of an ordinary single fault. Even 
the Black Reef, where it lies in this zone, is very much disturbed and 
broken into fragments, which dip in all dircctions, and at all possible 
angles up to the vertical. 

On the farms Beentjeskraal (570), Kafferkraal (198), and Witpoort 
(620), the influence of this fault is also plainly felt, the several hills 
(consisting here of Hospital Hill Quartzites) forming a bit of broken 
country most puzzling and bewildering to the casual observer. 

The ncxt fault, " The Rhenosterberg Fault " (marked " B-B "), is 
accompanied by a displacemcnt in the same sense as in the Eafferkraal- 
Elandsheuvel Fault; this displacement is, however, not of the same 
magnitude. The hills forming the Rietkuil Syncline are also affected 
by this fault. 

Longitudinal faulting also occurs in many places — for instance, 
along the axis of the Rietkuil Syncline, and more especially east of the 
range of hills stretching from the Klerksdorp Gold and Diamond Mining 
Companv's ground ou to the farms Elandsheuvel and Rheebokfontein. 




We^t^ 



J^^lJL 



Taking a section across the strata in a west to east direction one 
finds that the Elsburg Series with the overlying Amygdaloidal Diabase 
has been faulted dowuwards at least twice between the Klerksdorp Town 
HiII and the southern mynpacht on the commonage. One of the results 
of this faulting is that the diabase ís found outcropping in a long strip 
between the sedimentary beds, giving the impression of a dyke (Fig. 4), 
whereas in reality it belongs to the Amygdaloidal Diabase of the Venters- 
dorp or Vaal River System. 

Before leaving this subject, I wish to draw attention to similar re- 
peated folding on the East Rand described by Dr. Hatch^^ in his paper 
on the Extension of the Witwatersrand Beds Eastwards, and which, I 



>* F. H. Hatch, Trans, Oeol, 8oc, 8.Á., vol. vii., p. 67. 
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belieye, Bhould be asoribed to the same main north and south presstire 
which has produced the folding in the Elerksdorp district. 



III. — AN ATTBMPT AT CORRELATINO THB BEDS OP THB WITWATBR8RAND 
8BRIES IN THB KLBRKSDORP DISTRICT WITH THOSB OF THB RAND 
PROPBR. 

Correlating the Witwatersrand Beds in this district with those of 
the Rand proper ie an extremely diflScult and risky matter. 

A complete section of the Witwatersrand Seriee cannot be obtained 
in the Klerksdorp district. There is no diflSculty, as far as the Lower 
Witwatersrand Series is concerned. From the granite, the Orange 
Grove Quartzites, the Hospital Hill Slates with their underlying 
Speckled Bed, the Hospital Hill or Green Quartzites, and the slate, 
conglomerate and quartzite beds overlying these can be found in several 
places; but from here upwards the sequence of the beds is hidden by 
the unconformably overlying Elsburg Series and by the Amygdaloidai 
Diabase. 

The distance between the Rand and Klerksdorp being fully 100 
milee, one cannot expect to find identioal sections of strata in both dis- 
tricts, especially when it is borne in mind that even on the West Rand 
the succession of the beds already differs largely from that on the 
Central Rand. I need not enlarge on this subject, for it has already 
been fuUy dealt with by Mr. J. Kuntz," Dr. Molengraaff," and Drs. Hatch 
and Corstorphine.** 

I agree with Mr. Kuntz" where he says that " the best way in oor- 
relating geological horizons so far distant from each other is to compare 
the profile and the general succession of rocks." 

We have already seen that the larger groups in the Lower Wit- 
watersrand Series, such as the Hospital HiU Slates and the Hospital 
Hill or Green Quartzites, are very consistent throughout the Rand and 
the Klerksdorp district. Taking this into consideration, we may assume 
a similar consistency for the large bodies of shales above the Hospital 
Hill Quartzites, seeing that they belong to the same system. 

On the Rand proper we find three such bodiee, viz. : — 

1. Molengraaff's "West Rand Slates'* underlying the Govern- 

ment Reef Series. 

2. The shales underlying the Main Reef Series, the so-called 

*' Main Reef Footwall Shales." 

3. The Kimberley Basement Shales. 

In a section across the beds on the farm Buffelsdoorn (660) from the 
Hospital Hill Quartzites towards the Buffelsdoorn Reef, the first large 
body of shales is met with underlying the Buffelsdoorn Reef Series. The 

*• J. Kuntz, Trans, Oeol. 8oe. 8,Á., vol. vi, p. 13L 
^» G. A. F. Molengraaff, Trans. QeoL Soc, 8,A., vol. viii., p. 19. 
^* F. H. Hatch and G. S. Corstorphine, «The Geologv of South Afrioa," London 
(1905), p. 118. 

»• J, Kuntz, Trana, Oeol, 8oe. 8.A., vol. vi, p. 108, 
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Buffelsdoorn Reef itself is oyerlain by more shales, whioh are in contaot 
with the Amygdaloidal Diabaee. The Buffelsdoorn Series doee not show 
any unconformity with the underlying beds, the succession of the beds 
from the Hospital Hill Quartzites to this eeries being quite regular. 
Mr. Kuntz' section accompanying his paper on the Klerksdorp ** Main 
Reef " agrees with this vlew,** and Mr. D. Wilkinson*' is also of the 
same opinion. Moreover, neither does Mr. Draper^* nor Mr. Bleloch," 
both of whom advance a view that there is an unconformity, bring 
forward to my mind any convincing proof of an unconformity in their 
discussion of Mr. Kuntz' paper. 

In studying the contact between the Buffelsdoorn Series and the 
Amygdaloidal Diabase it wiU be seen that the two are not conformable — 
that is to say, the Buffelsdoorn Series does not dip conformably under- 
neath the diabase, and differs therein from the Elsburg Series. At 
the Buffelsdoorn Mine the reef strikes about N.60°E. (magnetic) and 
dips 42^ south-east, whilst ihe diabase with its thin underlying 
layer of Ventersdorp Boulder Beds dips about 6** towards the south. 
Moreover, the Amygdaloidal Diabase does not always come into contact 
with the Buffelsdoorn Series. Mr. Kuntz^^ has found that the diabase 
covers the Buffelsdoorn reef at Elcazar, ** while further north it covers 
even the Red Reef, and at Cyferkuil it reaches almost to tbe Hospital 
HiU Slatee." 

Going south along the Buffelsdoorn Reef Series one finds that near 
the old store on Palmietfontein (697) the diabase is in contact with a 
sandstone lying above the reef, and still further south the Elandsheuvel 
Hills are separated from the diabase by a large body of red shales. 
The correlation of the beds which form the Elandsheuvel Hills with the 
Buffelsdoorn Series has never been disputed as far as I know, and I 
certainly agree with it. 

The fact, therefore, of finding a large body of shale overlying the 
Buffelsdoorn Series, strengthened by its unconformable position as 
regards the Amygdaloidal Diabase, prohibits one from correlating this 
series with the Elsburg Series, which dips conformably underneath the 
Amygdaloidal Diabase, and does not possess any such large body of red 
shales. The exact geological horizon of the Buffelsdoorn Reef Series 
cannot as yet be definitely fixed. In placing it below the Main Reef 
Series, I find myself in agreement with Messrs. Kuntz,** Zimmerman,** 
Wilkinson,*' Stanger Higgs,** etc. 

Lying, as it does, between two largo bodies of shales, it is not im- 
probable that its geological horizon is situated somewhere near that of 

'« J. Kuntz, Trans, Oeol, Soc, S.A., vol. vi., p. 106. 

»» D. Wilkinson, Trans. Geol. Soc. S.A., vol. v., p. 129. 

»• D. Draper, Trans. Geol. Soc. S.A., vol. vL, p. 123. 

»• W. Bleloch, Trans. Oeol. Soc. S.A., vol. vi., p. 116. 

*• J. Kuntz, Trans. Geol. Soe. S.A., vol. vi., p. 131. 

•» J. Kuntz, Trans. Geol. Soc. S.A., vol. vi., pp. 106 and 130. 

•« J. Zimmerman, Trans. Gtol. Soc. S.A., vol. vi., p. 126. 

•• D. Wilkinson, Trans. Geol. Soc. S,A., vol. vi, p. 128. 

•* M. Stanger Higgs, Trans. Oeol. Soc. S.A., vol. vi, p. 127. 
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the Government Series, a suggestion previously made by Dr. Carrick 
in a letter to Sïr. Kuntz.*' 

From the position of the outcrops of the Witwatersrand Beds on the 
Elerksdorp Commonage, south of the Kafferkaraal-Elandsheuyel Fault, it 
Í8 evident that thev must lie in a higher geological horizon than those 
in a direct line with them on the north of the fault. 

I have already explained that the displacement of the strata, com- 
prising the northern wall of the fault, has been from north-west to south- 
eaet. Replacing the north side of the fault for a moment in its original 
position, it will be clear that the continuation across the fault of the beds 
forming the Elandsheuvel Hills (the Buffelsdoorn Series) must lie some- 
where underneath the town of Klerksdorp. I come to this conclusion 
by roughly measuring the length of the drag on the Ada May Reef 
Series, and taking this distance westwards from the Ada May Reef. 

This continuation, lying somewhere underneath Klerksdorp, is 
covered by the Elsburg Series and the Amygdaloidal Diabase. 

Tho beds appearing from underneath the Elsburg Series on the 
Klerksdorp Town HiU and the adjoining hiUs lying on the dip of the 
Buffelsdoorn Series must therefore líe in a higher geological horizon. 

So far shales have not been discovered in these beds, but it is still 
too early to draw any definite conclusions as to their exact geological 
horizon. The evidence so far collected makes it possible for them to lie 
in the Main Reef horizon. 

The horizon of the beds forming the limbs of the Rietkuil Syncline 
is the last question to be discussed. 

I have already pointed out that they are affected by one of the 
faults described by me. They are covered unconformably by the Amyg- 
daloidal Diabase; this can be well seen at their southern extremity, 
where the beds bend completely round to connect up the two limbs of 
the syncline. This point is situated some 1,000 yards south of the 
Elandslaagte Mine. The diabase covers the beds all the way round the 
outside of the curve, and it has a more or less uniform dip towards the 
west. 

Two bands of shale are interbedded with the quartzites and conglo- 
merate beds. 

It is for these reasons that I cannot correlate them with the Elsburg 
Series in this district. 

Moreover, Mr. C. J. Hamilton found a patch of conglomerates and 
sandstones lying unconformably on these beds just north of the Elands- 
laagte Mine. I feel inclined to regard these overlying beds as repre- 
senting the Elsburg Series in this locality; and to place the underlying 
beds in a horizon above the Hospital HiU Quartzites, but stiU below 
the Main Reef Series. Whether they are to be correlated or not with 
the Buffelsdoorn Series I am not prepared to say at this moment. 

Summarising, I may say: — 

1. There exists in the Klerksdorp district a series of beds, consisting 
of conglomerates and quartzites, always dipping conformably under- 

•• J. Kuntz, Trans. Ged. Soc. S.A., vol. vi., p. 130. 
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neath the Amygdaloídal Diabase of {he Vaal Riyer System, and therefore 
haying the same geological horizon as the Elsburg Series on the Central 
Rand. 

The Elsburg Series, consisting then of these quartzites and conglo- 
meratee, rests unconformably on the beds of tho Witwatersrand System ; 
its basal bed, a conglomerate, forming in all oases the upper member of 
the contact, whilst beds at different horizons in the latter system form 
the lower member. 

Drs. Hatch and Corstorphine^* in their Geology of the Bezuidenhout 
Valley, and the late Mr. D. CTorffeP' in his paper on the Relation of 
the Buffelsdoorn Series to the Lower Witwatersrand Beds in the Klerks- 
dorp district, haye come to the same conclusion from eyidence colleoted 
on the Rand proper. 

I wiU therefore separate the Elsburg Series from the Witwatersrand 
System, and definitely place it as the basal series of the Vaal Riyer 
or Ventersdorp System. 

2. Coming to the structural geology of the Klerksdorp district, 
the origin of the anticlines and synclines, and of the different faults 
described in this paper can be explained by a large fold-producing pres- 
sure coming from the north and directed towards the south. This 
pressure north and south in the Central Rand has deyeloped in the 
locality, which forms the subject of this paper, into a north-west and 
south-east one. Here, as on the Central Rand, the Witwatersrand, the 
Vaal River, and the Potchefstroom Systems haye been pressed against 
and around the Vredefort granite boss, which has acted as a buffer, and 
subsequent folding and faulting of the beds forming these systems has 
been the result. 

3. The horizons of some of the series belonging to the Witwaters- 
rand System outcropping in the Klerksdorp district cannot as yet be 
definitely fixed. There is no difficulty as far as the lower beds — in- 
clusiye of the Hospital Hill Quartzites — are concerned. I haye tried to 
fix the posiCion of the Buffelsdoorn Series, including the Elandsheuyel 
Hill Beds, in placing them in or near the Goyernment Reef horizon. 
The only beds which might perhaps come into consideration as the repre- 
sentatives of the Main Reef Series are those outcropping from under- 
neath the Elsburg Series to the east of the town of Klerksdorp. 

Finally, in presenting the aboye notes to the Society, I make no 
daim to anything like an exhaustiye study of the interesting area dealt 
with. As will be apparent from the map accompanying this paper, I 
haye but tried to lay down the more salient features, and I am aware 
that much more detailed work is necessary before we can attain to a 
perfect grasp of the entire district. 

*«F. H. Hatoh aod G. S. Corstorphine, <'The Geology of the Bezuidenhout 
Valley," Trans. Geci. Soc. S.A., vol. viL, p. 97. 

•» D. Dorffel, Trans. Geol. Soe. S.A., vol. viL, p. 8. 



Digitized by 



Google 



ftELAtlOlí OF AKCIEKT DEP08IT8 Ot VAAL HiVBR TO PAL^LITHIC PERIOD. 53 



The Relation of the Ancient Deposits of the Vaal RrvER 

To THE Palíeolithic Period of South Africa 

(Read 9th April, 1906). 

By J. P. Johnson and R. B. Young. 



During our recent journey through Griqualand West we met with 
many evidences that the Palseolithio Period oí South Aírioa is oí con- 
siderable antiquity. In this paper we present only a selection oí the 
large amount oí data which we collected supporting this view. 

Because in this country implements oí Pakeolithic type are often met 
with on the surf ace, it does not íollow that they are recent. When one fínds 
a sharp and fresh-looking implement lying on the ground, one naturally 
receives the impression that it is very recent. Conversely a much worn 
implement gives the impression of being ancient. But neither is necessarily 
the case. Much depends on the material of which the implement is com- 
posed. A chert implement will remain unchanged where a dolerite 
specimen will be weathered to a pebble. Much more depends on the 
surrounding conditions. 

On ancient plateaux, where there has been little denudation, but 
mostly superficial disintegration, or in extremely flat country inter- 
sected by only a few streams, stone implements of very great age may 
be found resting upon the present surface, and affording no evidence 
of their antiquity. But under more ordinary conditions, and in more 
dissected areas, they will be found buried in the talus that accumulates 
at the foot of hills, or in the drift that is laid down in the valley 
bottoms, both of which types of deposit may supply good proofs of theír 
antiquity. The best evidenoe, however, is afforded by river terraces, 
whose relative age is easily ascertainable. 

All along the Vaal there are two well-defined terraces of gravel, 
the lower one usually being covered with a considerable thickness of 
loam. These are easily studied on the north bank between Gong-gong 
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and Delports, where thej are well exposed in the numerous pits whioh 
haye been sunk in search of diamonds. Except along the ancient 
margin, where they partake oí the nature oí talus, these terraces consist 
of typical fluviatile gravel mixed with well-rounded boulders. 

DROOQEVBLD. 

Opposite the north-west beacon of the farm Droogeveld No. 1751 
(Divieion of Barkly West), the upper terrace is mainly made up of 
tufaceous limestone with a sprinkling of íine riyer grayel. From this 
terrace were obtained numerous much water-worn implements made of a 
greenish-black aphanite, which has weathered reddish-brown on the out- 
side. They would appear to be much older than the deposit in which 
they occur. Many of them consist merely of naturally broken fragments 
with a rude and often irregular edge trimming. They are true eoliths. 
Most of the spocimens on the other hand, though possessing an eolithic 
quality of trimming, are much higher in the scale, being made from 
artifícially produced flakes. A large number of these last have been 
fashioned into a defínite and comparatively advanced form of scraper. 
All are connected by intermediate forms. 

We haye also one of the typical^ palaBolithic implements from here. 
It was picked up on the top of the terrace, but, especially as it is some- 
what fresher in appearance than the other implements, it must remain 
uncertain whether it comes from the deposit or not. 

In passing through the poort to the north-west, we noticed large 
numbers of the characteristic palaeolithic flakes in the talus which there 
coyers the bottom, and we also obtained several of the typical implements 
in different stages of wear. If one could trace any relation — and it is 
quite likely that such exists — ^between this deposit and the terraoes, some 
usef ul data would be obtained. 

BARKLT. 

At Barkly, between the bridge and the village, the upper terrace 
is well exposed in the old diggings. It lies at the foot of a ridge of 
hills, hence the talus element is predominant, though the river gravel is 
in evidence throughout. The deposit consists chiefly of small boulders 
and large irregularly-shaped stones, in which, however, every edge and 
corner has been well rounded off. The most remarkable feature of the 
bed is the extraordinary abundance in it of the typical palaBolithic im- 
plements and associated characteristio large flakes — in faot, they form 
an important constituent of the deposit. Now, out of all the countless 
numbers of implements mixed with the heaps of excavated stones, all, 
but a very few, are equally roUed, being practically reduced to pebbles. 
The rolled implements present a facies very like that of the British 
yalley-drift assemblage, but the few sharp implements on the other hand 
are much more advanced, both in form and fínish, resembling those from 



^ Tongne and almond-shaped and chiael-edged implements. 
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VereenigÍDg. We haye oome to the conclusion that there are two distinct 
series, the one prohably older, the other perhaps oontemporaneous with, 
perhaps newer than the deposit.^ 

VBRBBNIGING. 

The fine series oí implements obtained by Mr. Leslie at Vereeniging 
oome írom the upper terraoe, whioh there consists oí gravel and small 
boulders embedded in and overlaid by loam. The site is some distanoe 
west of the village, where long stretches oí the terrace have been íur- 
rowed and spread out by the rain. There for many hundreds of feet 
unfínished implements ocour in the greatest abundanoe and flakes by the 
thousand, while here and there completed specimens were found. These 
last are interesting from their advanoed form, many distinctly foreshadow- 
ing the well-known neolithio types. 

sghhidt's drift. 

At Schmidt's Drift we saw many of the large characteristic flakes 
and some unfínished examples of the typioal palseolithic implements, 
associated with the upper terrace gravel, and apparently contempor- 
aneous with the same. We also obtainel one fínished speoimen. 

DOUOLAS. 

At Douglas both terraoes and the alluvium overlying the lower one 
are plainly developed. On the north bank of the river there is a pit 
in the upper terrace, in which we saw several of the charaoteristic large 
palseolithic flakes. The section shows the deposit to oonsist of small 
boulders and well-rounded pebbles. The flakes have the same worn and 
wasted appearanoe as the other stones. 

On top of the terraoe we pioked up two of the typioal palseolithic 
implements, but one at least looks as though it may have been made and 
left on the terraoe long after the deposition of the latter, while neither 
necessarily comes from the deposit. 

From the lower terraoe, on the same side of the river, we obtained a 
typical palseolithio implement. It is somewhat waterworn, and is 
fashioned out of a green aphanite. 

Among the debris, on the sides of the hiUs south of the town, we 
notioed many of the large charaoteristic palseolíthic flakes, as well as a few 
unfinished examples of the typical implements. 

C0NCLU8I0N8. 

The above instances by no means ezhaust the data at our disposal, 
but are sufficient to indioate the nature of the eyidence. If this evidenoe 

* A fragmentary molar of Mastodon (sub-division Bunolophodon) from the upper 
terrace in the Waldeck Plant, near Barkly, has recently been described by Professor 
R. Beck; see Qeol, Mag., vol. iii., No. ii., 1906. 
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has been corrêctly interpreted, and the implements cited really belong to 
the suggested stage in the riyer's historj, then the Palaeolithic Period 
in South Aírica must indeed be ancient. 

There is onlj one possible source oí error. During exceptionally 
heayy rainfalls gullies might sometimes be scooped out of the terraoe, and 
afterwards graduallj filled again, during which process surface imple- 
ments might become incorporated. This possibility was, however, kept 
well in mind at the time the various ezposures were visited, and although 
such re-deposition of the gravel would often be yery difficult to detect, we 
do not think it has occurred in these particular instances. 

In conclusion, we may mention that we haye a suspicion that 
palaeolithic implements were also made on top of the upper terraces at a 
later epoch. It is for this reason that we haye made special referenoe to 
oertain examples whose relation to the deposit seemed uncertain. 
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MASSIVE BLACK REEF QUART7ATE UyCOyFORMABLY 

OVERLYING SCHISTS OF SWAZILASD SERIES, 

JUNCTIOy OF CROCODILE AXD YOKESKEY RIVERS. 
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The Calcareous Rocks of Griqualand West 
(Read 14th May, 1906). 



By R. B. Young 

(With Analyses by G. H. Stanley). 



[Plate XVI.] 



Calcareous rocks of at least four difíerent ages occur in Griqualand 
West. They belong respectively to the Campbell Rand Series, the 
Griquatown Series, the Ecca Series, and recent surface deposits. The 
extent and general character of all of these, excepting the Ecca lime- 
stones, which are of little importance, have been described by G. W. 
Stow^ and A. W. Rogers." I intend to deal, in this paper, more especi- 
ally with the mineralogical composition and structure of the rocks. 

For the satisfactory study of limestones, especially when they are 
more or less dolomitic, it is almost essential that analyses of the rocks 
should be available. Lemberg's solution, which stains calcite but does 
not affect dolomite, is extremely usefuL Other less satisfactory means 
of distinguishing between rock-forming calcite and dolomite are afforded 
by the greater solubility in dilute acids, the more fréquent twinning 
and the rarity of rhombohedral crystals in the case of the former 
mineraL 

The following fifteen analyses of Griqualand West calcareous rocks 
have been made by Professor G. H. Stanley from specimens with which 
I supplied him. 

* Quart. Joum. Otol. Soc.^ 1874, vol. xxx., pp. 581-680. 

• Trawi. Gtol. Soc. S.A., 1906, vol. ix., pp. 1-9, 
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No. of Sample 


Silica Hnd 

insoluble 

matter 


Iron Oxide 

and 
Alamina 


Zinc and 

Manganese 

Ondes 


Lime 


Magnesia 




% 


% 


% 


% 


% 


Dl 


25-54 


9-84 


1-24 


21-90 


9-96 


D6 


116 


1-30 


0-77 


47-35 


5-77 


DIO 


11-70 


2-50 


0-66 


27-24 


17-48 


Dll 


8-02 


14-59 


0-57 


2615 


11-85 


D12 


6003 


1-62 


0-42 


1214 


7-82 


D16 


42-00 


2-77 


0-65 


17-50 


10-85 


D18 


18-37 


2-54 


0-92 


23-22 


16-85 


D20 


20-93 


2-59 


0-54 


23-50 


15-72 


D21 


4-05 


1-29 


0-69 


30-26 


18-99 


D40 


7-96 


0-96 


0-52 


28-38 


19-22 


D41 


2-80 


2-70 


200 


49-02 


1-70 


Tl 


1204 


1-88 


— 


3810 


8-33 


T2 


23-04 


3-46 


— 


37-64 


2-80 


T3 


10-40 


2-20 


— 


2710 


18-57 


T4 


1-98 


0-94 


— 


51-88 


1-57 



The specimens analysed were obtainod from the foUowing 
localities: — 

D 1. — Blaauwboschfontein, Hay Division (Griquatown Series). 

D 6. — Eighteen miles east of Griquatown (Campbell Rand Seriee). 

DIO. — One and a half miles east of Griquatown (Campbell Rand Series). 

Dll. — Paardevlei, Hay Division (Griquatown Series). 

D12. — Eight miles west of Campbell (Campbell Rand Series). 

D16. — Two milee east of Griquatown (Campbell Rand Seriee). 

D18. — Leijfontein, Herbert Division (Campbell Rand Series). 

D20. — Two miles east of Griquatown (Campbell Rand Series). 

D21. — Twelve miles east of Griquatown (Campbell Rand Series). 

D40. — Ten miles west of Campbell (Campbell Rand Series). 

D41.— Schmidt's Drift (Ecca Series). 
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T 1. — Four miles east of Griquatown (recent surface deposit). 

T 2. — Slope below the Eaapscheberg, east of Campbell (recent surface 

deposit). 
T 3. — Blaauwbank (0. 376D), Herbert Division (recent surfaoe deposit). 
T 4. — ^Leijfontein Ravine, Herbert Division (recent surface deposit). 



(a) OALOAEEOUS E00E8 OF THB OAICPBBLL EAND 8BEIB8. 

D6. — This rock differs in appearanoe from all the other specimens. It 
is a very light grey in colour, with small black specks. 
Its grain is moderately coarse. Under the microscope, the graíns 
are seen to be hypidiomorphic, and many of them exhíbit the 
characteristic twinning lamellse of calcite. When stained by 
Lemberg's solution, the calcite and dolomite grains are very 
clearly differentiated. The dolomite is in fairly large grains, 
frequently rhombohedral, distributed uniformly among the 
calcite grains with which they are intergrown, and which are 
much more abundant (Plate XVI., Fig. 4). These observa- 
tions are confírmed by the analysis, which shows that the 
greater part of the rock must be composed of calcite. It 
effervesces violently in dilute hydrochloric acid. The black 
specks mentioned are composed of minute bundles of specular 
iron ore. 

DIO. — This is a moderately coarse-grained bluish-grey rock. From the 
weathered surface, which is of a dirty brown colour, silicified 
bands and irregularly-shaped masses stand out. Microscopic 
examination shows the grains to be hypidiomorphic and 
untwinned. The silica present is in the form of chalcedony 
and ordinary quartz. 

DI2. — This is a very interesting rock. The broken surface is bluish- 
grey in colour, and has a slightly quartzitic appearance. The 
weathered crust, which is from 2mm. to 4mm. thick, is dark 
brown and sharply marked off from the unweathered rock. 
This crust is crowded with roughly spherical cavities, which 
have an average diameter of about 0*5mm. They give the 
outside surface a minutely pitted appearance. 

Microscopic examination reveals that it is an oolitic dolomite 
or dolomitic limestone, which has mostly changed to a quartzite. 
The analysis gives the peroentage of silica and insoluble matter 
as 6003, and this is almost entirely silica. The main 
portion of the original dolomite left consists of the nuclei of 
the oolitic grains, some of which are almost wholly replaced by 
quartz. The quartz is in irregular grains, which are inter- 
linked. Their average diameter is about O'Imm., though 
many of them are twice that size. This quartzitic portion 
differs little in texture and microscopic appearance from por- 
tions of so typical a quartzite as that at Orange Grove. 
Occasionally an obscure radial arrangement of the quartz 
grains round the remains of the oolitic grains can be observed. 
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The remnants of the oolitic grains are, as is showQ by the 
analysis and by staining, composed mostly of dolomite, which 
is nearly allotriomorphic, and shows no defínite arrangement 
of the grains. 

The original outlines of such oolitic grains as have been 
entirely destroyed by the growth of quartz are represented by 
circular areas and rings of dolomitic fragments and dust, which 
are enclosed within the quartz grains. Similar rings surround 
those oolitic grains whose nuclei stiU remain intact. In the 
areas which must have been interstitial to the original oolitic 
grains, there are occasional irregular patches of dolomite or 
calcite, and if, as is probable, these are portions of the original 
matrix in which the oolitic grains lay, this must have been 
coarser in grain than the material composing the oolitic grains 
(Plate XVI., Figs. 1 and 2). 

In a paper' read before the Geological Society of London 
in 1894, Mr. F. Rutley advanced the view that certain 
novaculites or whetstones from Arkansas, and also an aurifer- 
ous quartzite from Nondweni, Zululand, resuhed from an 
extensive silicifícation of dolomitic strata, and he proposed to 
divide quartzites into two groups, viz. : *' detrital quartzites," 
i.e., indurated sandstones; and '' infíltration or metasomatic 
quartzites,'* including siliceous replaceraents of limestones 
simulating detrital quartzites. His views, however, did not 
meet with general acceptance. The rock from Griqualand 
West, described above, affords clear evidence that so remarkable 
and fundameutal a change as from a dolomitic límestone to a 
quartzite can take place. It is possible that some of the 
quartzites interbedded among the '* dolomite " of South Africa 
have had a similar origin. 

D16. — This is another limestone which is in process of being replaced 
by granular quartz. It is light grey in colour, and has a 
moderately coarse-grained texture. The grains, which, from 
the analysis, must be mostly composed of dolomite, are allotrio- 
morphic. The dolomite grains in contact with the quartz have 
their edges fretted. The quartz grains are somewhat smaller 
than in D12. They are scattered quite irregularly in patches 
throughout the rock. Occasionally they appear witíiin the 
dolomite crystals themselves. 

D18. — This ís a pisolitic dolomite. It is bluish-grey on the fractured 
surface, but externally it is a dirty brown. The pisolitic 
grains vary in diameter from r5cm. to about Imm. AU the 
grains are more or less pseudomorphed by silica, several 
entirely so. The replacing silica is eitlier a dark cherty variety 
or well crystallised white quartz. In those varieties in which 
the pisolitic grains are nearly or altogether silicified, they 
stand well out on the weathered surface, some of them being 
entirely exposed to view. Where the alteration is less complete 



*Qiiart. Journ. Oeol. Soc., 1894, vol. 1., pp. 377-391, pl. xix. 
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the pisolitic grains are marked on the surface by series of con- 
centric ridges and depressions. AU the grains show internally 
a well-defined concentric arrangeraent. Some are almost per- 
fect spheres, but the majority exhibit more or less irregularity. 
Sections of a few of the grains reveal in their interior several 
minor pisolitic grains. 

A section of a pisolitic grain which has undergone con- 
siderable silicification shows under the microscope the silica 
varying from chalcedony to well-crystallised quartz. The 
dolomite is mostly idiomorphic, and forms concentric bands 
alternating with siliceous ones. Partly silicified bands contain 
many isolated rhombohedra of dolomite. That the calcareous 
mineral is dolomite is shown by the analysis. 

D20. — This is a bluish-grey rock, weathering with a brown corrugated 
surface. It is moderately coarse-grained. The grains are 
hypidiomorphic. Irregular grains of quartz, isolated and in 
patches, occur throughout the rock. It approaches very close 
to a true dolomite in composition. 

D21. — This is a bluish-grey rock, possessing a brown, rough, weathered 
surface. The grains, which are moderately coarse, are hypi- 
diomorphic. A few small patches of cryptocrystalline and 
ordinary quartz are present. These patches have within them, 
or bordering upon them, rhombohedra of dolomite. The 
analysis shows that it consists of a mixture of dolomite and 
calcite. 

D40. — This is a bluish-grey rock, appearing in hand specimens abnost 
homogeneous in teiture, but microscopic sections reveal that it 
is an oolite. Some of the oolitic grains show both radiate and 
concentric structure, and vary in diameter from about Imm. 
downwards. On staining with Lemberg's solution, no defínite 
crystals of calcite are discovered. The dolomite is of a fíner 
texture in the oolitic grains than in the interstices between 
them, wher'e it is rather coarse. 

Though silicification has not reached so advanced a stage 
in this rock as in D12, yet in one respect it afíords a better 
demonstration of the alteration of a dolomite to a quartzite. 
As in D12, the interstitial portions show the greatest amount 
of silicification, but the grains of quartz are in this case about 
0*3mm. in average diameter. The oolitic grains are in many 
cases unaffected, but several of them show silicification along 
a zone near to the margin of the grains, and sometimes the 
centres are partially altered (Plate XVI., Fig. 3). It would 
appear that in this case the course of silicification was deter- 
mined mostly by differences in texture, or in structure, of the 
calcareous mineral. 

D42. — This rock was not analysed. It is a pebble of oolite taken from 
the Dwyka Conglomerate at Blaauwbosch Drift, Herbert 
Division, and is probably derived from the Campbell Rand 
Series. Though thus not found in situ, it is worthy of descrip- 
tion, on account of the silicification phenomena which it 
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displays. It is light grey in colour. Externally it is covered 
by small circular pits, in the centres of aeveral of which there 
is a small projecting papilla. The fractured surface exhibits 
sections of the oolite grains, of about Imm. diameter, partly 
Bilicified, and in many cases showing a concentric arrangement. 
They are imbedded in a grey siliceous matrix. The marginal 
zone of the pebble is the most highly silicifíed. 

Under the microecope, portions of the rock are seen to be 
in a yery advanced stage of silicifícation. The silioa variee 
from chalcedony to well-crystallised quartz. The interstices 
between the grains have undergone the greatest amount of 
silicifícation. In the oolitic grains the silicification has taken 
place along one or more concentric zones or in the centre. On 
staining with Lemberg's solution, the unaltered grains were 
shown to oonsist in most cases of a series of concentric zones 
of dolomite and calcite. Sometimes the core of the grain is 
of calcite. The residual rhombohedra scattered throughout the 
highly silicified interstices between the grains are composed of 
dolomite. There is a oertain similarity between the distribu- 
tion of zones of silicification and zones of calcite. Several of 
the less altered grains show a perfect radiate structure, and 
give a black cross between crossed Nicols. The grains of 
dolomite are partly idiomorphic and partly allotriomorphic, 
and sometimes show a zonal structure. 
D43. — This is a dark-coloured chert, from about twelve miles east of 
Griquatown, and is taken from one of tHe many bands of chert 
found in the Campbell Rand dolomites. Under the microscope, 
it is seen to consist of a mixture of chalcedony and ordinary 
quartz. It contains a considerable number of well-formed 
rhombohedra, many of which are in process of being replaced 
by silica. There also occur patches of fragments and dust of 
the same material. On treating with Lemberg's solution, the 
rhombohedra and the fragments and dúst mentioned were 
partially stained, showing that they are of dolomite, enclosing 
calcite, probably as dust. The rock effervesces slightly with 
acid. 

(b) oalcareous rocks of the griquatown seribb. 

Dl. — This is a very fíne-grained rock, with light pink and bluish bands, 
along which it weathers unevenly. The weathered surface is 
brown. When microscopically examined, it is seen that 
silicifícation has taken place along well-defíned bands. The 
quartz crystals are minute and are irregularly dotted through- 
out the equally fíue-grained dolomite and calcite of the bands 
just mentioned. The analysis shows that there is a mixture of 
calcite and dolomite present. 

Dll. — This is a medium-grained bluish-grey rock, possessing a brown, 
much corrugated weathered surface. The corrugations are due 
to a network of thin siliceous veins, which traverse the rock. 
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Under the microscope, the grains are seen to be hypidiomorphic, 
and» judging from the analysis, both dolomite and caldte must 
be present. Certain bands are finer in grain than the rest of 
the rock. The silica is mostly in the form of ordinary quartz. 
Both of the above rocks are notable for their high per- 
centage of iron. 



(O) OALOAREOUS ROCKS OF THB EOGA SBRIBS. 

D41. — This is a dark grey fibrous limeetone, which is found associated 
with thín-bedded argillaceous limestones or calcareous mud- 
stones at Schmidt's Drift, Douglas, Mazelsfontein and Blaauw- 
bosch Drift, t.c, over a stretch of more than forty miles. 
Throughout this region it is probably more or less continuous, 
and is always found interbedded among the argillaceous rocks 
immediately overlying the Dwyka conglomerate and boulder 
shale, or resting on the last-mentioned rocks. A few of the 
specimens I brought away have the conglomerate adhering to 
the lower surface. Several bands, varying in thickness from 
3 inchee to |-inch, generally occur in the same neighbourhood. 

The long azes of the fibres are more or less normal to the 
bedding. Sometimes they are twisted, and when they weather 
with a yellow crust they resemble at first sight bands of pseudo- 
crocidolite. Generally, a division line can be seen at or near 
the centre of the bands. The analysis shows that there is a 
very small proportion of MgO present, while the proportion of 
zinc and manganese oiides is greater than in any of the cal- 
careous rocks analysed. 

The surface in contact with the adjoining rocks fre- 
quently shows roughly spherical impressions. When a seotion 
transverse to the fíbres ír examined in oonvergent polarised 
light, good uniaxial interference figures are seen from point 
to point, but though the principal axes of some of the fibree, as 
iq revealed by the interference figures, emerge normal to the 
Beetion, yet the majority of them are more or less inclined. 
The surface of the section exhibits a peculiar roughness caused 
by a system of flat spherical overlapping laminsp. Examination 
of a longitudinal section confirms the impression that the fibres 
are arranged in a conical or radial fashion, the longitudinal 
axes of the cones being normal to the bedding planes. 

I need not describe the features in any further detail. 
They appear to agree in most respects with the desoriptions of 
" Cone in Cone " given by W. S. Gresley* and other writers. 
I have no doubt that its origin is secondary. The structure is 
Bupposed to result from ^' radial fibrous crystallisation and 
the struggle to get rid of the impurities amid which the 
crystak are developing.** It is worthy of remark that Mr. 



* Quart. Joum. Geol. Soc.t 1894, vol. 1., pp. 731-739, pls. xxxv., xxxvi. 
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Greeley states in describing " Cone in Cone '* from the Portage 
Flags of Pennsylvania that the cone-forming oonditions 
evidently had an affinity for oertain horizons in the Portage 
Series. The occurrence of *'Cone in Cone " in Griqualand 
West was, as I have already stated, observed only in a verj 
narrow horizon in the Ecca Series. 



(d) calcareous rocks among rbcent surpacb deposits. 

Tl. — This rock is a grey compact travertine resting upon the dolomite. 
The specimen was taken about four miles east of Griquatown. 
It contaÍDs small grains of quartz of detrital origin, and also 
small ferruginous dendritic specks. Under the microecope, it 
is seen to have a somewhat yaried texture, some areas being 
coarser grained than others. The analysis shows that it is 
composed in most part of calcite. The quartz grains are mostly 
angidar and sub-angular. 

T2. — This is a compact variety of travertine, which is very conspicuous 
near Campbell on the road between that viUage and Schmidt's 
Drift. It is reddish-brown in colour, and at first sight seems 
to be fuU of dark brown pebbles. On closer examination, 
however, these prove to be due mostly to fcrruginous concre- 
tions. Quartz grains, angular, sub-angular, and rounded, are 
thickly and fairly uniformly scattered tbroughout the rock. 
The carbonate present, which is shown by the analysis to be 
mostly calcite, is generally fine grained, though coarser grained 
patches occur. 

T3. — This rock is a grey travertine or tufa, which, though hard and 
compact, is dissected by a system of fissures, which seem to be 
the result of contraction. As this is the only specimen of 
travertine or tufa which is almost a true dolomite, and also the 
only specimen possessing a system of contraction físsures, this 
latter may be due to contraction during dolomitisation. It is 
noteworthy that it is found a considerable distance from the 
Campbell Rand resting on boulder shale. 

T4. — This rock is taken from a large body of very porous calcareous tufa 
in the Leijfontein ravine. In colour, it is a light grey outside 
and a light brown within. The analysis shows that a very small 
proportion of MgO is present. 

The main interest of this paper centres in the calcareous rocks of 
the Campbell Rand Series, which is correlated with the Dolomite Series 
of the Transvaal. 

Professor Stanley's analyses show that the majority of the specimens 
must be regarded, not as true dolomites, but as dolomitic limestones. 
This is confirmed by the behaviour of the rocks when treated with Lem- 
berg's solution. 
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SilicificatioD of the " dolomito " is general, the silica taking the 
form of chalcedony or ordinary quartz. Amorphous silica is probably 
present. The silicifíed rock may have the appearance under the micro- 
scope of a typical quartzite, and therofore should the alteration be 
complete, or nearly so, there would be considerable diflBculty in dis- 
tinguishing such a rock from a quartzito of detrital origin. Silicifica- 
tion may be brought about by the action of siliceous waters 
infiltrating from without, and as bands varying in texture and possibly 
in mineral composition occur in the dolomite, and certain of these are 
more liable to silicification than others, the chert bands so common in 
the dolomite need not necessarily have resulted, as has been suggested,' 
from the accumulation and re-crystallisation of the siliceous skeletons of 
sponges, diatoms, etc. An examination of the analyses accompanying 
this paper does not support the suggestion* that has been made that 
silicification of the dolomite has taken place at the expense of the MgCO,. 

Further, whatever may be Ihe origin of the '* dolomite," the large 
percentage of silica present need not militate against a coral reef 
origin, as has been suggested by the same author,^ if the probability 
of much of the silica having been introduced from without is taken into 
consideration. 

It is worthy of remark regarding the calcareous tufa or travertine 
which is 80 conspicuous a feature in Griqualand West and elsewhere in 
South Africa, that the analyses of those specimens which were taken from 
the neighbourhood of the '* dolomite " show that they contain a much 
less proportion of MgO relative to the CaO present than the dolomite 
from which their material was derived. 



DBSORIPTION OP THE MICROPHOTOGRAPHS ON PLATB XVI. 



Fig. 1 (Diam. i 54). — This is a portion of a microscopic slice of D12 
viewed in ordinary light. The dark parts are dolomite, the 
light quartz (best seen in Fig. 2). The central circular body 
is a ** shadow " of an oolitic grain, and consists of dolomite 
dust enclosed within the quartz grains. This dust is most 
plentiful at the margin, and is almost wanting in the centre. 
To the left is a portion of an oolitic grain, the original outline 
of which is marked by a dense band of dolomite dust. At the 
top right hand corner is a part of another oolitic grain. A few 
isolated rhombohedra of dolomite are faintly seen within the 
silicified area. 

Fig. 2 (Diam. i 54). — This is identical with Fig. 1, but viewed with 
Nicols crossed, thus revealing the outlines of the quartz grains. 

• Hatch and Coretorphine, "The Geology of South Africa," London (1906), p. 161. 

• C. B. Horwood, •* The Dolomite Forniation of the Transvaal," Johannesburg 
(1905). p. 13. 

» C. B. Horwood, loc. c»ï.,'p. 17. 
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Fig. 3 (Diam. x 21). — This is a portion of a very thick microscopic 
slice of D40, viewed in ordinary light. The outlines of the 
quartz grains in the silicified portion, which appears light, are 
f aintly seen. Two of the oolitic grains, one at the top right hand 
corner, and the other at the foot, are seen in course of silicifíca- 
tion. In both cases the silicifíed zone is close to the margin of 
the grain. 

Fig. 4 (Diam. x 21). — This is a portion of a microscopic slice of D6, 
which has been treated with Lemberg's solution. The dolomite 
crystals are unstained. The slice is viewed in ordinary 
transmitted light. 
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Geological Notes on a Portion of the Bushveld in 
THE Neighbourhood of the Junction of the Elands 
AND Olii'hants Rivers (Read 14th May, 1906). 

By W. J. Gau. 

[Plates XVIL, XVIIL, XIX.] 



The country referred to in these notes, and shown on the accom- 
panying plan (Plate XVII.), is the triangiilar area lying between the 
Elands and Oliphants Rivers, the junction of these rivers forming the 
apex, the base being a line running in a north-westerly direction from 
the farm Wagendrift on the Oliphants River to the farm Valschfontein 
on the Elands River. 

The Moos River, which divides this area in two portions, forms a 
rough topographical boundary, south of which the country is broken up 
by several parallel ranges, becoming very rugged indeed further south; 
to the north, however, the country lying between the Elands River and 
the range along the foot of which the Moos River winds on its way to 
join the Oliphants, is flat and covered with thick bush and sand, out- 
cropping rocks being very scarce. 

The formations met with in this area are as follows, in ascending 
order : — 

(1). — Dolomite Series. 

(2). — Pretoria Series. 

(3). — Plutonic Series of the Bushveld. 

(4). — ^Waterberg Series. 

(5). — Earroo System. 

(6). — Diabases. 

THB DOLOMITB SBRIBS. 

On referring to the map, it will be seen that the dolomite occurs in 
two separate localities, the first on the farm Scherp Arabie (367), close 
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to the junction of the Elands and Oliphants Rivers, and extending from 
there some distance towards the south; the second between the Moos and 
Oliphants Rivers on the farms Kalkput (307), Klipfontein (246), and 
Buffelsfontein (259). 

The doloraite on Scherp Arabie is much folded and disturbed (Plate 
XVIII.), the actual dip being very difficult to determine; the general 
dip, however, is towards the east. 

The usual layers of banded, as well as large masses of pink, chert 
are associated with the dolomite. 

The dolomite itself is in places very pure, consisting of a perfectly 
white marble. 

With regard to the dolomite on Kalkput (307) and adjoining farms, 
the dip is here more consistent, being 37° east. Layers of chert are 
also numerous, the dolomite being coarsely crystalline and of a pure 
variety. 

An interesting occurrence on the farm Kalkput is that of thin veins 
of a light green serpentine interbedded in the dolomite. Under the 
microscope, the serpentine is shown to be due to the decomposition of a 
pyroxene, of which crystals partially altered into serpentine are of 
frequent occurrence. That this is the derivation of the serpentine is 
further borne out by its net-like structure. 

the prbtoria sbribs. 

Close to the junction of the Oliphants and Elands Rivers, the 
eastern boundary of the farm Scherp Arabie and the western boundaries 
of the farms Rondavel, Mond van Moos Rivier and Wolvenkraal are 
formed by a double range of white quartzites dipping from 25° to 45° 
east. 

Taking a section (marked '* A- — B " on the map) from the dolomite 
on the west, across this range from the farra Scherp Arabie to the farm 
Rooibokkop, the following succession of strata is met with: — 

1. Dolomite. 

'2. Shale. 

3. Conglomerate. 

4. Shale. 
Pretoria Series ... ...'5. Micaceous schist. 

6. Quartzites. 

7. Diabase, amygdaloidal in places. 
^ 8. Coarse white quartzites dipping 25® east. 

9. Red granite. 

All the above formations dip east at an angle of about 25°. 

Assuming the position of the dolomite to be normal, I think it is 
apparent from the above section that these quartzites may be regarded 
as belonging to the Pretoria Series. 

Referring to the farm Kalkfontein (61) on the Oliphants River, we 
find there a similar section to that on Scherp Arabie, the quartzites 
overlying the dolomite, and both dipping 37° east. The occurrence of a 
similar range on the farm Klipfontein, also dipping east, points to a 
duplication of this series; towards the west this range breaks up into 
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detached ridges which are conspicuous features on the farms Uitspanning 
(9) and Elandsdoorn (225), and form the poort known as '* Lottering's 
Poort/' The dolomite, however, which should underlie the quartzites 
on the farm Uitzoek (250), appears to be absent, or else it is covered up 
by the diabase occurring in the valley. 

Several interesting points may be mentioned in connection with 
the above section on Scherp Arabie. The conglomerate shown at the 
base of the series is separated from the dolomite by a narrow band of 
dark, laminated shale, which the microscope shows to contain a large 
amount of a black pigment; this pigment in places shows a segregation 
into black spots, probably produced by the influence of contact meta- 
morphism. A similar shale overlies the conglomerate. 

The couglomerate itself is made up of pebbles ranging from the size 
of a pea up to two inches in diameter and consisting of a yellow, sugary 
quartzite. The thickness of the conglomerate varies between 10 and 30 
feet. In places it has been subjected to great pressure, the pebbles being 
elongated and flattened out, the whole having a foliated appearance. 
Folding movcments combined with this pressure are doubtless responsible 
for the remarkable ** cleaving *' which has taken place, some of the 
pebbles having been cut through as if with a knife. 

At no place did I notice this conglomerate in contact with the 
quartzites, beds of shale or diabase always intervening. In addition 
to the position shown on the section, this conglomerate-occurs in the very 
disturbed portions more to the east of the farm Scherp Arabie, having 
probably been included in the same movements which have disturbed the 
dolomite to such a degree. 

Coming now to the micaceous schists on which the quartzites rest, 
an interesting point is the presence in these rocks of chiastolite. Under 
the microscope, prisms of chiastolite, with characteristic inclusions of 
black pigment in the central portions, are very evident. The presence 
of this chiastolite is probably traceable to the metamorphic action of the 
diabase, this being the only rock in the vicinity capable of eiercising 
such an influence. 

A similar schist to the above, containing andalusite, but less mica, 
occurs close to the Elands River on the f arm Elandsdrift (483) ; it forms 
the contact between a small ridge of quartzites and an amygdaloidal 
diabase. 

In the country between the quartzite ranges, and also further to 
the south at the contact with the red granite on the farm Mond van 
Moos Rivier, the diabase underlying the first-montioned schists is coarse 
in structure, in places amygdaloidal, and contains an abundance of 
hornblende. On the farm Mond van Moos Rivier it contains numerous 
thin veins of pegmatite, these being possibly offshoots of the many dykes 
of pegmatite (up to 10 feet in width) which can be observed passing 
from the coarse red granite into the diabase. 

THB PLUTONIC SBRIBS OP THB BUSHVBLD. 

A glance at the map is sufficient to show that the Plutonic Series of 
the Bushveld occupies a large portion of the area under review. 
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Od the west coarse red granite stretches in an undisturbed condition 
from the farm Yalschfontein ou the north to llietfontein on the south. 

On the east very little granite is met with south of the Moos River; 
to the north of the Moos River, however, we find that, starting from the 
east, the farms Valschfontein (432), Walkraal (377), and Zondagsfontein 
(758), consist of the usual coarse red granite. Continuing towards the 
east the area becomes restricted and the granite fíner in structure. This 
oan be noticed on the farms Kuilsrivier (12), Elandskranz (321), and 
Groot Klipput (594). StiU further towards the east the granite area 
opens out, and the coarse red varietj is again predominant in the 
country as far as the Oliphants River and beyond it. 

The coarse. red granite on the farms to the west, having been 
described so often before, does not call for any special comment here, 
with the exception, however, of a quite unusual type of granite occurring 
on the farm Walkraal (377); the position is indicated on the map by a 
black cross. This granite is a very beautiful, medium-grained, grey, 
hornblende granite, or rather, granulite. The essential constituents are 
quartz, orthoclase, plagioclase, and zircou; the decomposition products 
uralite and epidote were also uoted. The most interesting feature of this 
granite is the occurrence in places of a remarkable orbicular structure — 
the '* Kugel-granit " of the German geologists (Plate.XIX.) The two 
accompanying phgtographs show the structure and mode of weathering 
very clearly, the one showing sphseroids about one inch in diameter, the 
other larger ones about four inches in diameter. The sphaeroids range in 
size from one up to four inches in diameter, and consist of a 
core and two consecutive concentric rings. The core consists of a 
granulite similar in structure and composition to that described above, 
containing, however, more biotite than hornblende. The felspar crystals 
can be seen surrounding the quartz. The ring adjoining the core is a 
graphic pegmatite, the quartz being present also as small rounded 
grains. 

The structure of the outer ring is pegmatitic and more coarsely 
crystalline, the constituents being large crystals of quartz and plagio- 
clase. The matrix in which the spha'roids are set is similar in structure 
and composition to the grey granulite described above. The crater-like 
weathering is due to the fact that the outer ring contains more quartz, 
and is therefore better able to resist weathering influences than the 
central portions. Unfortunately, I was not able to determine the 
relationship of this granite to the coarse red granite of which the bulk 
of this farm consists, the contact being hidden by sub-soil. 

More towards the east, and in the ** restricted area '* before referred 
to, the ridge on the western corner of the farm Kuilsrivier (12), striking in 
a westerly direction through the centre of the farm Groot Klipput, consists 
of a fine-grained, reddish granulite, having a gneissose structure. Under 
the microscope, this rock shows a micropegmatitic intergrowth of quartz 
and felspar, the other constituents being microcline and hornblende. 
Messrs. Kynaston and Mellor^ refer to a similar rock, which I think is 

* Report of the Geological Survey of the Transvaal for 1905. 
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probably from the same range of hiUs, showing that it resembles more 
closely the ** old " granite than the usual red variety of the Bushveld. 

Another and similar rock of a granitic type has a finer banded 
structure, the felspar being in part plagioclase and in part orthoclase; 
no microcline, however, was observed. 

The ranges forming the southern boundary of thc farm Elandskranz 
(321), and overlooking the Moos River on the northern portions of the 
farms Oude Stad van Maleuw (564) and Witpenskloof (563), consist of a 
dark, compact, almost cherty rock with a conchoidal fracture. On 
weathered surfaccs it has a pale brown colour and a deeply pitted 
appearance. Under the microscope, this rock is seen to consist of very 
fine granular crystals of quartz and felspar. Large irregular plates of 
plagioclase are also present, and the pitted appearance of weathered 
specimens is no doubt due to the fact that these crystals decompose more 
easily than the surrounding finer grained portions of the rock. Horn- 
blende, magnetite and calcite were also noticed in small quantities. 

From the above observations, it is probable that this rock is a kind 
of hornfels, and, taken with the presence of the other rocks referred to 
above, bears out the assumption that on the farms Groot Klipput, Elands- 
kranz, Oude Stad van Maleuw and Witpenskloof we have a contact zone 
in which a series of rocks has been greatly altered, both as regards 
structure and composition, and that this alteration may be due to the 
contact metamorphism of the large masses of basic intrusive rock, both to 
the north and to the south, combined with dynamical movements. These 
dynamical movements may also be responsible for the break which occurs 
in the Pretoria and Dolomite Series between the farms Wolvenkraal (566) 
and Klein Waterfontein (273). 

It will be pointed out further on, that no line of demarcation was 
observed between the hornfels and the diabase in the Moos River valley 
on the south, but rather a transition from the one rock to the other with 
considerable signs of contact metamorphism. 

With reference to the occurrence of microcline in the granulite in 
some, but not in other, parts of this range on Groot Klipput, it is 
instructive to note an occurrence on the northern portion of the farm 
Uyskraal (228). Here there is an intrusion of a basic rock in close 
proiimity to which is found a pegmatitic type of granite containing 
microcline. May not the occurrence of microcline in these rocks be 
attributed to dynamic metamorphosis 1 Dr. Grubenmann,* in discussing 
the origin of crystalline schists, shows that microcline is produced in 
oertain deep-seated zones by the combined influence of great heat and 
pressure. He divides the earth's crust into three zones, according to 
differences in heat and pressure — the upper zone, the middle zone and the 
deep-seated zonc — and considers microcline to be a mineral peculiar to 
the middle and deep-seated zones. The last two zones correspond to 
Van Hise's zone of anamorphism.* May we not in this instance, there- 
fore, look to a similar reason for the presence of the microcline? 



« Grubenmann, ** Die Kristallien Schiefer," vol. i. 
» C. R. van Hise, **A Treatise on Metamorpliism." 
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The only other rocks which may be classifíed with the Plutonic 
Series of the Bushveld in this area are the norites on the farms Buffels- 
fontein (269), Rietfontein (270) and Wagendrift (28), all on the Oli- 
phants River. These basic rocks have a holocrystalline structure, the 
essential constituents being plagioclase felspar, augite and hypersthene. 

The interbedded deposits of magnetite so common in the norites 
occurring more to the east in the Blood River valley appear to be absent 
here. On the farms Wagendrift and Buffelsfontein, however, deposits of 
malachite and copper pyrites in the norites are of suflBcient value to be 
considered by some as of economic importance. 

Referring to the norites in the Blood River valley, it is interesting 
to note that Mr. E. Jorissen has found that these rocks invariably 
underlie the red granit^, the exposure of the norites in the valley being 
due to erosion. 

THB WATERBBRO SBRIBS. 

The only occurrence of rocks of the Waterberg Series included in 
the area shown in the accompanyi ng sketch-map is in the ridges on the 
northern boundary of the farm Elandsdrift (170), on the Elands River, 
and north of the farms Uyskraal (228) and Scherp Arabie.* 

The ridges consist of quartzitic sandstones with small beds of a 
fine-grained conglomerate di ppi ng south at a steep angle. The ridge 
over which the main road passes through Israel's Nek consists of similar 
quartzites dipping at a steep angle to the north. 

THB EARROO STSTBlí. 

Yery little reference need be made here to the grits and coarse sedi- 
ments belonging to the Karroo System which are frequently met with in 
the low-lying country on both sides of the Elands River, as these and 
the associated glacial conglomerates have already been fuUy described by 
Mr. E. T. Mellor.« 

The area covered by rocks of this system, ere denudation took place, 
must have been very considerable, as is indicated by the remaining 
outliers on the farms Uyskraal and Zondagsfontein. 

DIABASBS. 

The rocks referred to under this head are various basic and intrusive 
rocks occurring in the Moos River valley, and along the Elands River. 

In the Moos River valley the southern portions of the farms from 
Uitspanning on the west to Nooitgedacht (566) on the east consist of a 
coarsely crystalline, uralised diabase. In thin sections this rock is 
seen to have an ophitic structure, the main constituents being plagio- 
clase and hornblende (uralite). No definite line of demarcation can be 
notioed between this rock and the hornfels range already referred to. 

* These are referred to by Messrs. Kynaston and Mellor in the Report of the 
Geological Survey of the Transvaal for 1906. 

* E. T. Mellor, " Outliers of the Karroo System near the Janction of the Elands 
and Oliphants Rivers," Tram. Otol. Soc. S.A., vol. vii. 
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The diabase at the foot of the range on the farm Witpenskloof assumes a 
banded structure. The same structure occurs on the farm Oude Stad 
van Maleuw, both at the foot of the range and also further east in the 
bed of the Moos River. The rock then becomes amygdaloidal, and 
gradually passes into the above-mentioned hornfels. This banded and 
amygdaloidal structure in the diabase points to considerable contact 
metamorphosis. 

Under the microscopc, the banded diabase is seen to contain fine, 
granular quartz, similar to that occurring in the hornfels. It is pro- 
bable that we have here a gradual transition from the one rock to the 
othor. 

As regards the diabase rocks on the Elands River, the most interest- 
ing is the heavy, dark basic rock occurring on the farms Gruysbank 
(514) and Slagboom (513). This rock is considered by Messrs. Kynaston 
and Mellor* to ''strongly resemble the non-amygdaloidal facies of the 
basic rocks of the Springbok Flats.*' A further occurrence of these 
rocks may be observed close to the Elands River, on the farms Uyskraal 
(228) and Elandsdrift (170). 

A microscopic examination of this rock shows it to have an ophitic 
structure, the main constituents being plagioclase felspar and augite; 
diallage, a little olivine and magnetite were also observed. This rock 
may therefore be termed a " true diabase." A good example of the 
sphseroidal weathering of this rock may be seen just south of the drift 
on the farm Uyskraal. 

Other occurrences of diabase are very frequent, but being of the 
usual variety they do not call for any special comment. 

In conclusion, I do not wish to lay claim to an exhaustive study 
of the geology of the area revíewed, but merely to present to the Society 
a few of its more striking and interesting features. 

Moreover, at the time of my visit to this part of the Colony the bulk 
of the farms treated of were still unsurveyed, which fact wiU doubtless 
appeal to the sympathy of many of those here to-night as a subject for 
commiseration with the author; for, with few fixed points of reference 
and little or no topography laid down, many features of considerable 
geological importance are bound to be either imporfectly grasped or 
even altogether missed. 



* Report of the Geological Survey of the Transvaal for 1905. 
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The Origin of "Wash-outs" in Coal Mines and their 
Relation to other Features of the Transvaal 
CoAL Measures (Read 14th May, 1906). 

By Edward T. Mellor 

(Communicated by permission of the Acting Commissioner of Mines). 

[Plate XX.] 



Among the commonest phenomena met with in coal mining in the 
Transyaal is the occurrence, in practically all those coUieries whose 
workings are sufficiently extensive to have opened up any considerable 
area, of what are variously known in different localities as ** wash-outs," 
" washes," and *' mud-dykes.'' This last term is also applied, and 
much more aptly, to true dykes of intrusive igneous rock which have 
been more or less completely reduced by weathering to clayey decomposi- 
tion products. 

GENERAL CHARACTERS OP " WASH-OUTS.*' 

In all the instances which have come under my notice in the course 
of visiting most of the working collieries in the Transvaal, the wash- 
outs are very similar in character, and present certain characteristic 
features well known to those engaged in colliery work in this colony. 
These may be best described as met with in approaching a wash-out 
from a normal coal area. 

The earliest indications seen are usually increasing quantities of 
water in circulation in the coal, which is traversed by numerous small 
íissures fílled with soft yellowish clay. Small slips and slickensides 
become inci-easingly frequent, and are often associated with definite 
channels filled with water or semi-liquid yellow mud. The coal becomea 
softer as the wash-out is approached, the change being at first very 
gradual, but fínally showing in most instances a rapid transition within 
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a space of from 6 to 10 fcct from moderately hard and workable coal 
to a coal which is soft, damp, and friable, falling to pieces when 
handled. The coal seam usually shows a considerable diminution in 
thickness, and the upper part of the workingg, if continued, enters yellow 
clay, which falls into the mine, and may be succeeded by rushes of soft 
yellow mud, followed in some oases by a mixture of mud and fragments 
of shale and sandstone. Where the cover is comparatively thin, the roof 
may subsequently faH in, resulting in físsuring and subsidence at thc 
surface. 

If driven completely through, as is occasionaHy necessary, the 
matcrial met with in the inner portions of the wash-out is found to 
consist almost entirely of yellow clay and fragments of sandstone and 
shale. 

In plan, the wash-outs usually occupy elongated oval, or more 
often pear-shaped arcas, and when a number occur togethQr, there is 
freiiuently observable a tendency to arrangement in chains. (See Fig. 1, 
Plate XX.) In shorter diameter the wash-outs average about 120 feet. 



VIEWS OENERALLT HBLD AS TO THE NATURB OP WASH-OUTS. 

As implied in thc name, the view most generally held with regard 
to the origin of these wash-outs is that they represent old river channels 
from which the coal once present has been removed and its place taken 
by the sandy and clayey deposits of a river bed. This view is based 
mainly upon the character of the material met with in the wash-outs, 
and in their occasional arrangement in series resembling chains of 
water-holes in a river channel. By some, the channels are regarded as 
having been cut down in comparatively recent times from the present 
surface and afterwards filled in with drift to the general level, while 
others look upon the old channels as being rather the work of streams 
more or less contemporaneous with the formation of the coal. Wash- 
outs of the latter character, resulting from contemporaneous erosion of 
coal scams, are well known in Britlsh collieries,* and their occurrence 
has probably influenccd the view held with regard to the apparently 
similar examples in the Transvaal. 

Though comparatively rare, contemporaneous channels do occur in 
the Transvaal coal measures, and I have recently met with at least onc 
very good example in the Witbank Coal-field. In the case of these true 
river channels, there is either an abrupt change from coal to river-borne 
material, where the channel has been eroded through coal already 
deposited, and partly consolidated ; or — in those cases where the channel 
was moro strictly contemporaneous with the formation of the coal seam 
— there may be a gradual increase of shaly constituents in the coal as 
the channel is approached, the material in the central portion consisting 
almost entirely of muddy or sandy sediment. These latter conditions 
prevail on the local examples above alluded to. On account of the 
density of the material occupying these old stream beds there is no 

' F. E. Middleton, F.O.S., " On tlie Wash-outs in the Middle Coal Measures of 
Soath Yorkshire," Quart, Joum. Gtol. Soc., vol. Ixi., pp. 339-344. 
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8pecial tendency for them to become channels for the present circulation 
of water, but rather the reverse, and in those instances I have met with 
in the Transvaal they constitute some of the hardest material encountered 
in working the seam, and are not associated with decomposition of the 
adjacent coal. 

The areas of decomposed coal known as wash-outs in Transvaal 
mines differ in several important respects from such old stream 
channels. Among these differences, special mention may be made of the 
following: — 

(1) When a fairly continuous section of the edgc of the wash-out 

can be seen, the bedding of the seam suffers no interruption or 
change, and individual bands in the coal can be traced con- 
tinuously for a considerable distance into the affected area. 
Where breaks occur, they are of the nature of slips, and are 
not formed by the eroded edges of the beds. The behaviour 
of the beds at the edge of the wash-out is illustrated in Fig. 4, 
Plate XX. 

(2) The individual bands in the coal show no increase in the oriyinal 

proportion of shaly material, but only such changes, described 
below, as can be attributed to the action of percolating water. 

(3) In all the examples met with, the material in the inner portions 

of wash-outs is such as would originate from the weathering 
and breaking up in situ of a mass of shales and sandstones 
exactly similar to those existing above the coal in the unaffected 
adjacent areas. 

(4) There is in gcneral an absence of pebbly and gravelly matcrial. 

The fragments found in the clay and mud of the wash-outs 
consist almost entircly of the less decomposed portions of the 
shales and sandstoncs. 

It appears, therefore, that the wash-outs usually met with differ in 
several important respects from old river chnnnels, and that their origin 
must be referrcd to some other cause. 

A satisfactory explanation can, I beliovc, bc drawn from a con- 
sideration of the general proccss of wcathering in thc Transvaal coal- 
measures, which presents a number of interesting, and in some respects 
peculiar features. 

SPECIAL FEATURES OF WBATHERING IN THE KARROO FORMATION. 

In mapping the Karroo Formation considerable difficulty is experi- 
enced in the field from the general scarcity of outcrops of any kind, owing 
to the abundant sandy soil which prevails on all coal-measure areas. Apart 
from a few exceptional cases, the only rocks which show themselves at 
the surface are the coarser sandstones and grits which occur both above 
aud below the softer sandstones and shalcs which accompany the coal- 
seams. The outcropping portions of the grits in particular are appar- 
ently so erratic with regard to the level at which they occur, especially 
where the ground has any steepness of slope, as to force anyone who 
attempts to map them from purely surface indications to study very 
closely the effects of weathering on the formation wherever opportunity 
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occure. The observations here given are the result of the experiencc 
gained in mapping some hundreds of square miles of the Karroo Forma- 
tion in the Transvaal. 

Figs. 2, 3, 5 and 6, Plate XX., based upon actual sections selected 
from a large number which have been examined, illustrate some of the 
effects of weathering shown by the coal measures in this country. A 
similar succession of strata is represented in all the examples, and is that 
generally prevailing throughout a large part of the Middelburg district. 
It includes an upper portion consisting mainly of coarse grit« and sand- 
stones with little or no carbonaceous material, a niiddle portion in which 
the prevailing rocks are carbonaceous sandstones, shales, and coals, 
and a lowcr portion usually consisting of hard pebbly sandstones and 
grits, with well-defined beds of conglomerate, distinct from the Glacial 
or Dwyka Conglomerate, which may or may not be present below. 

In the process of weathering, the grits and sandstones at the top 
and bottom of the series ^disintegrate but slowly, and are not much 
affected at any distance from their outcrop. The weathering of the 
intermediate sandstones and shales varies considerably with the amount 
of carbonaceous material present, and it is the behaviour of this portion 
of the series that is of special interest. 

In the section shown in Fig. 2, Plate XX., the uiiddle portion of the 
series is thin, and contains little carbonaceous material, and the outcrop 
forms a small kranz of quite normal type — such as would bc formed by 
the weathering of any ordinary succession of harder and softer beds, the 
fine sandstones and sandy shales weathering back somewhat more quickly 
than the overlying grits, which retain their original horizontal position 
until they fall from the kranz. 

Fig. 3 represents the conditions observed where a considerable 
thickness of carbonaceous strata intervenes between the upper and lower 
grits and sandstones, and is typical of the section exposed in many adits 
driven into the coal measures. In such cases, it is found that the coal 
seams and the carbonaceous shales and sandstones thin out rapidly 
towards the outcrop, and only in rare cases appear at the surface. A 
seam of coal twenty feet in thickness may be seen to thin out and dis- 
appear in the course of from 100 to 200 feet. This thinning out and 
termination of coal seams and other more or less carbonaceous beds is, 
as a rule, not due to any actual erosion or removal by mechanical 
agencics, but is a result of a process of decomposition and weathering, 
whoso progress can be traced in following the beds from a point where 
they stiU retain their original characters, towards the outcrop. 

Hard, black, coaly shales are deprived of their carbonaceous 
material, their sandy and muddy components remaining behind, and 
such strata are finally represented by soft yellow shales or cream-coloured 
laminatcd clays, much thinner than the original beds, whose residue they 
represent. 

Similar changes take place in the coal seams, which show a gradual 
loss of carbonaceous matter, and consequent diminution in thickness. 
At the same time the original berfding of the seam remains, and may be 
rendered more conspicuous by the bleaching of shaly bands following 
the disappearance of their coaly matter. As a result of the thinning of 
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the carbonaceouB beds, the less easily weathered grits and sandstones by 
which they are overlain sag down upon the lower beds and assume the 
position shown in Fig. 3, a condition freíiuently met with in the coal 
measures. The process, howover, is not siniply one of disintegration of 
the beds followed by the mechanical removal of the resulting débris. As 
will bo shown later, a certain quantity of inaterial may be carried away 
mechanically, but the bulk of tho loss must bc accounted for by other 
causes. 

The woathering of the carbonaceous beds appears to be mainly a 
process of oxidation of the carbonaceous constituents, and is limited to 
those parts where percolating water has a comparatively rapid passage 
through the beds, and meets with them at no great distance from the 
surface. It is particularly characteristic of the marginal portions of 
areas of coal-bearing rocks, and accounts for the rarity of actual outcrops 
of coal seams, the tendency being always for the strata to assume the 
condition shown in Fig. 3. 

A considerable percentage of iron pyritcs, always present in the 
coal seams, and in the carbonaceous shales and sandstones, disappears 
in the weathercd portions of these beds. The iron is frequently re- 
deposited as oxides in the underlying beds, particularly the sandy por- 
tions of the Glacial Conglomerate, while the sulphuric acid arising from 
the decomposition of the pyrites brings about the solution and removal 
of considerable quantities of lime, as shown by analyses of waters which 
have passed through the coal measures. 

Fig. 5 illustrates typical cases of weathering in the neighbourhood 
of pans and spruits, as shown by the results of various boreholes, shafts, 
and prospecting adit«. It will be seen that the sections met with in the 
neighbourhood of surface depressions are frequently of a very mislead- 
ing character, and their peculiar features must be allowed for in pro- 
specting operations. 

THE NATURB OP " WASH-OUTS.'' 

The conditions prevailing in the neighbourhood of wnsh-outs, in 
all cascs which have come under my notice, are almost exactly similar 
to those obtaining in the examples referred to above. In every instancc 
there is evidence of active circulation of water through the coal, and the 
changes seen in the coal seams and in the carbonaceous shales and sand- 
stones which accompany them, are exactly of the same nature as those 
shown by corresponding beds near an outcrop, or where they approach 
near to the surface, and are, I believe, in the majority of cases, due 
entirely to the same causes, viz., oxidation of the carbonaceous constitu- 
ents, and removal of the pyritic and soluble portions of the strata 
affected, followed in some cases by subsidence of the overlying beds. 

The circulation of underground water in the coal measures is 
frequently along the surfaces of the more massive beds of sandstone and 
grit, or along clayey seams which occur between them, and the occurrence 
of small faults in these beds is sufficient to bring about the admission 
of considerable quantities of water to the underlying strata at spccial 
points along such lines of weakness. In this way the conditions neces- 
sary for the weathering of the carbonaceous strata at certain points are 
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set up. Mine workings are, naturally, rarely carried further than the 
margin of wash-outs, and for this reason, and the rapidity with which 
falls and changes in the relationships of the decomposed beds occur as 
soon as they are disturbed, it is diéicult to obtain complete data as to 
the conditions prevailing in the vicinity of wash-outs. From the 
examination of a number of instances occurring in different mines, and 
a comparison of the results so obtained, I believe that a typical wash-out 
may be represented in section as shown in Fig. 4, the beds in the early 
stages being continuous through the affected area. 



CHANaES IN THE COAL DUE TO WEATHBRINO. 

In this connectiou, tjie analyses given below of coals taken from the 
same band at different distances from the central portion of a wash-out, 
and showing the nature of the changê taking place, are of interest. They 
show a progressive diminution in the proportion of carbonaceous 
material present, and of the sulphur, while the insoluble ashy com- 
ponents show a corresponding increase in percentage. It is noticeable 
that the volatile constituents appear to be little affected in these early 
stages of decomposition. 

On account of the large and varying amount of water contained in 
these samples — amounting in all cases, except No. 1, to over 30 per 
cent. — the percentages have been calculated on the dry weight. 

ANALTSES OF COALS FROM NBAR " WASH-OUTS.'' 

Pcrcentages of Dry Weight. 



No. 


Fixed Carbon 


Volutile Mattcr 


Ash 


Sulphnr 


1 


61-36 


23-53 


15-10 


•4669 


2 


4111 


30-37 


28-52 


-3686 


3 


5910 


24-34 


16-56 


Trace 


4 


5304 


27-16 


19-80 


>» 


5 


5110 


28-20 


20-70 


>> 



Samples Nos. 1 and 2 are from near the edge of a wash-out, and taken 

from the same band of coal, No. 2 being 6 feet nearer the wash-out 

than No. 1. 
Samples Nos. 3, 4, and 5 are from a similar position in a different 

mine. No. 4 is 3 feet nearer the wash-out than No. 3, and No. 5 

3 feet nearer than No. 4. 
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Many practical colliery workers hold the opinion that, except on 
their immediate margin, the coal in the vicinity of wash-outs is, if 
anything, slightly better in quality than in other areas of the same mine. 
The more easily workable character of the coal, and its slightly better 
appearance, due to the greater percentage of water present, may have 
something to do with this generally held opinion, but it is interesting 
to note that it receives some support from the analyses given above. 

Where there is sufficient flow of water and the carbonaceous strata 
are overlain by l)eds of sandstone and grit, sufficiently strong to retain 
their position after the shrinkage of the lower beds, and thus prevent 
the continual closing up by pressure from above of any but the smallest 
channels, the undergróund drainage may be concentrated into streams 
sufficiently powerful to remove a great part of the soft residue of the 
decomposed carbonaceous beds. At first, this process is confíned to the 
immediate neighbourhood of the point of issue of the springs, bringing 
about the formation of caves below the small kranzes formed by the edges 
of the grits, but later it may extend inwards for considerable dis- 
tances, resulting in the removal of the great«r part of the softer strata 
over comparatively large areas. Th'is finds expression at the surface in 
the subsidence of the top-grits, giving rise in places to groups and chains 
of basin-like depressions, 20 or ^O feet below the usual level. At the 
bottom of many of these are holes and fissures, resembling the ** swallow- 
holes " of a limestone district, leading directly to the stream, which can 
be heard flowing below. The condition resulting from this more com- 
plete removal of the carbonaceous beds is represented in the section 
shown in Fig. 6, and accounts for the absence of coal seams in some 
areas where they might be otherwise confidently expected to occur. 



The Origin of Pans. 



Few surface features in South Africa have aroused so much interest 
and discussion as the shallow circular or oval depressions known as pans.' 
They occur in rocks of all formations, but are particularly abundant 
ín the coal measures, though not necessarily confined to those areas where 
coal seams occur. 

Many explanations have been given by various authors of the way 
in which these singular depressions have been enlarged to their present 
climensions. The question is still far from being settled, and it is very 
probable that the mode of development of the pans is different for 
dtfferent formations, but of the explanations which have been suggested, 
the action of wind under dry climatal conditions is among the most 
promising solutions. 



* M. S. AUison, **The Origin and Fonnation of Pans," Trana, Oeol. Soc. S.A., 
vol. iv., p. 169. 
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Before many of the suggested agencies could work, however, it would 
be necessary to have some variation of the surface which would determine 
the action of the eroding agent at that particular spot. It is a notice- 
able feature of the pans occurring in the Karroo Formation that they 
almost always occur either close to the head of a spruit or on the water- 
shed between two or more spruits. In the former case, they are fre- 
quently separated from the depression at the head of the spruit by a 
comparatively narrow lip. They thus occupy positions such as favour 
an easy outflow for water passing downwards from the surface, and 
similar to those in which the subsidences described above are naost 
frequently found. It appears probable therefore that some at least of 
the pans may have originated in a similar way, their further develop- 
ment depending upon other causes. 

Where the Karroo Formation has been reduced by denudation to a 
comparatively thin sheet, the floors of the pans are frequently formed 
by underlying older rocks, which are thus subjected at such spots to 
much more active weathering than in the surrounding portions. In 
this way, a surface hollow originates in the older rocks themselves, which 
persists after the last remnants of the Karroo Formation havo dis- 
appeared. On the felsite ridge south-east of Witbank, several examples 
of pans of this kind occur, whose origin it is difficult to account for in 
any other way. 

In conclusion, I have to express my sincere thanks to the managers 
of various collieries for opportunities of examining many examples of 
wash-outs and kindred features of Transvaal coal mines, and for much 
freely given assistance in the collection of the data upon which this 
paper is based. 

EXPLANATION OF PLATE XX. 

Fig. 1. — Plan showing the form and distribution of an actual group of 
wash-outs in a coal mine (from a mine plan). The dotted 
• circular contours are those of a pan at the surface. 

Fig. 2. — Section showing normal mode of outcrop of coal-measure strata 
without carbonaceous beds. 

Fig. 3. — Section of coal-measure strata showing the weathering of the 
coal and carbonaceous shales near the surface and consequent 
sagging of the overlying beds. 

Fig. 4. — Section across a wash-out, showing the behaviour of the coal 
seam: (a) normal coal; (b) coal much jointed and slicken- 
sided, with fissures filled with watery mud ; (c) completely 
decomposed coal ; (d) rush of clay with decomposed shale frag- 
ments and after-fall of fragments of partly decomposed shale 
and sandstone; Z. mine level. The arrows show the passage 
of water through the wash-out. The wash-out is not neces- 
sarily accompanied by subsidences of the surface as shown. 

Fig. 5. — General section illustrating the weathering of coal seams near 
the surface in the neighbourhood of pans and spruits. 

Fig. 6. — Removal of coal seams by wcathering, and the establishment of 
definite underground water channels. 
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Tectonical Kemakks on the Probable Big Tygerberg 
Inverted Fold and on tue relative position between 

THE WiriEBERG QUARTZITES AND THE DwYKA AND 

EccA Series ln the Prince Albert District of the 
Cape Colony (Read 16th July, 1906). 

By C. Saudberg. 

[Plate XXI.] 



During a recent visit to the Prince Albert district of the Cape 
Colouy I had occasion to stay for a few hours oQ and on at Mr. Mostert's 
hospitable place on Groot Tygerberg, and I naturaUy made use of these 
visits to study the geological formations of that neighbourhood as much 
as possible. 

I am much indebted to Mr. Mostert, who knows so well where the 
different rocks constituting this three-fold range are to be found, for 
showing me round and drawing my attention to what seemed to him to 
be abnormal in their relative positions. 

The Tygerberg Range is situated about ten miles to the north of the 
Zwartebergen in the Southern Karroo; ita highest point, the Groot 
Tygerberg, being about twelve miles north-east of Prince Albert Village. 
Uoughly speaking, it consists of a main white quartzite range flanked 
north and south by ranges of lower hills. Tho strike of these ranges is 
parallel to that of the Zwartebergen — that is, east and west ; they emerge 
suddenly from the large surrounding plain lying to the north and south, 
whilst tliey gradually die out to the east as well as to the west. 

The niain central range consists entirely of Witteberg Quartzites; 
thc hills to the north and south consist of individual monticules formed 
by the differeut members of the Dwyka — and even of the Ecca — Series; 
they are roughly arranged in lines parallel to the strike of the central 
range. Two consecutive hiUs on the line of strike of these parallel ranges 
need not necessarily be constituted of the same beds of the above series. 
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The Tygerberg Range lias been described by Mr. E. H. L. Schwarz^ 
(without sections), and sections through this interesting part of the Capo 
Colony are given by E. J. Dunn,^ W. Molyneux,^ A. H. Green,* A. R. 
Sawyer,' and A. W. Rogers.** I have not been able to find a reproduction 
of Dunn's section ; the one of A. H. Grcen is lacking in detail, and of 
no use for the interpretation of the Tygerberg Range. 

Mr. Schwarz was good enough to send me, in a private letter, a 
figure illustrating his views, for which I am extremely obliged to him. 
I shall discuss for the purposes of this paper the views on the subject as 
expressed and designed by Messrs. Molyneux, Sawyer, Schwarz and 
Rogers. 

Let us first establish the succession of tho beds from the Table 
Mountain Sandstone upwards: — 
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Ecca Series of shales, etc. 

Chert band. 

Black shales weathering white (*' white band '*). 

Dwyka Conglomerate. 

Lower Dwyka Shales. 

Micaceous shales. 

Brecciated and mottled brown quartzites. 

White quartzites, or Witteberg Quartzites. 

Bokkeveld Slates. 

Table Mountain Sandstone. 



The brown quartzitic sandstones and the micaceous shales (Nos. 4 
and 5) are, according to Mr. Schwarz, very like the Laingsburg Bcds of 
the Ecca, and this, I take it, is the cause of the Tygerberg Fold having 
been interpreted in the way it has been up tiU now. 

All three — Messrs. Sawyer, Schwarz and Rogers — admit that the 
Witteberg Series have been forced through the Dwyka Beds, and have 
thus come to light. Molyneux — evidently stiU regarding the Dwyka as 
an igneous trap — makes the Dwyka break through the softly undulating 
strata of '* brown, grey, purple and other sandstones and shales *' 
without disturbing them. 



^ and * E. H. L. Schwarz, •'Geological Survey of Parts of Prince Albert, 
Willowmore and Uniondale," Annual Report Geological Survey, Cape of Good Hope 
(1904), pp. 73-137. 

* W. Molvneux, "Report on the Geology of the Karroo and Stomïherg, C.C," 
Cape of GoodHope Parl. Report, (1881), p. 38, 2nd plate facing p. 12. 

* A. H. Green, ** Report on the CoaU of the Capo Colony," Cape of Gootl Hope 
Parl. Report, London (1883), p. 33, pl. i. 

* A. R. Sawyer, "Report npon the Geology and Mineral Resources of the 
Division of Prince Albert and Surrounding Districts," Cape of Good Hope Parl. 
Report (G45, 1893), p. 26. 

« A. W. Rogers, " The Geology of Cape Colony, London (1905), p. 50. 



Digitized by 



Google 



84 TRANSACTIONS OF THE GEOLOGICAL SOOIETY OF SOUTH AFRICA. 

As Mr. Schwarz puts it very clearly: — 

** The Witteberg Quartzites occur in a narrow anticline, which 
has, as it were, been forced through the Dwyka Conglo- 
merate, the latter rock forming ' jaws,' through which the 
more adaptable quartzites have been squeezed just as lead 
may be forced between the jaws of a vice '* ; ^ 

this, no doubt, to account for the fact of tho older series resting on the 
younger. 

This is the tectonical relation between the Witteberg Quartzites and 
the Dwyka Series, as seems to be generally admitted now, and has been 
graphically represented by Mr. Sawyer in his idcal section, as well as 
by Mr. Schwarz. Mr. Rogers, in a section (north and south) taken ten 
miles east of Prince Albert, makes the Dwyka Series *'float" on the 
Witteberg Quartzites and represents the flats between the Tygerberg and 
the Zwartebergen as constituted by Witteberg Series. As will be seen 
in the following, I am greatly inclined to partly share his views on the 
constitution of the flats south of the Tygerberg. 

But if Mr. Schwarz' view be correct, an enormous bi-lateral north 
and south pressure must have been brought to bear on the Witteberg 
Quartzites by the enclosing deposits. Evidences of this pressure should 
then be found in the demeanour of the enclosing strata; we must expect 
them to be very much folded and tilted, and their shales to be contorted. 
We must also expect a repetition of many and acute anticlines and 
synclines with their axes parallel to the Tygerberg Range — that is, east 
and west. These synclines and anticlines would be more pronounced close 
to the main Tygerberg Range, and would die out in the flats lying to the 
north and south of the Tygerberg. 

This, however, is not the case, as is equally evident from all sections 
referred to above. On the contrary, we find that the authors all agree 
on this point, viz., that the strata to the south of the Tygerberg Range 
at least, are almost flat, even in the near immediate neighbourhood of 
that range; and in this the sections certainly rcproduce the conditions 
I observed on the ground. 

And as far as the strata to the north of the Tygerbcrg are conccrned, 
we certainly find that some are tilted, even up to the vertical; there 
are, however, no contortions in their slate and shale beds. Moreover, 
just beyond the most northerly of the Tygerbcrg Ranges the strata lie 
nearly flat again, undulating very softly over a distance of twenty 
miles, right up to the Spreeuwfontein Goldfields, where more pronounced 
anticlines are met with. 

Lastly, if we were to accept the *' vice or mushroom-fold '* theory, it 
would seem *' that we might expect to find some sort of symmetrical 
disposition of the strata which acted as the jaws '* of the vice. Instead 
of that, however, we find, as described above, a very striking and 
persistcnt asymmetrical disposition of these beds north and south of the 
Witteberg Quartzites of the Tygerberg, whilst each '* jaw,*' moreovcr, 
very consistently keeps its own individual character. 



^ E. II. li. Sdnvarz, loc, cit., p. 91. 
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Now Mr. Schwarz is the only one who describes a detailed section of the 
relation between the Dwyka Series and the Tygerberg Range. In his 
interpretation of the relative positions of the micaceous shales below the 
dwyka and the conglomerate, however, I cannot agree with hira ; for, 
although stratigraphically situated below the dwyka conglomerate — as 
I entirely admit — I have seen the lower dwyka pass under these shales 
in the little gorge to the south of the homestead (see Figure 2, Plate XXI.). 
Here, moreover, one sees that these shales are lying nearly flat, and are 
not tilted at all. 

Further to tho west, right in the bed of the Tygerberg Rivcr, Mr. 
Mostert showed me a place where the coarse conglomerate disappears 
under a shale (lower dwyka), which here invariably occurs between the 
micaceous shales and the coarse conglomerate. Here also the strata are 
apparently horizontal. North of the footpath winding up to the top of 
the Tygerberg, we find a range consisting of more or less large, even huge, 
fragments of the brown mottled quartzites lying lopse, " floating," on 
the lower dwyka (Figure 2, Plate XXI.). These rock-fragments are 
undoubtedly in their original position, and are only separated from the 
main body (the Tygerberg) by the intervening roclc having heen eroded 
away. The most western of these fragments is represented in the accom- 
panying photograph; its southern part consists of typical Witteberg 
Quartzite — that is, on the inside of the fragnients as regards its position 
to the Tygerberg. 

About three miles furthcr east we again find huge fragments of white 
Witteberg Quartzites lying away from the main ridge and underlain by 
dwyka conglomerate, as can be plainly seen in the small creek to the west 
of the Groot Tygerberg farm boundary. 

Going to the east from the Tygerberg Poort, along which the Tyger- 
berg River breaks through the Witteberg Quartzites, I found this 
"floating" of the older series on the younger dwyka rcstricted to the 
northern side of the main ridge, whilst to the west of the poort as far as 
I know these detached, or semi-detached, floating masses are found 
exclusively to the south of the main ridge. 

Towards the north the strata assume a more and more pronounced 
southerly dip, they become vertical, and afterwards even assume a 
distinct dip towards the north. 

Summarising: we find going north that the strata close to the white 
quartzites of the Tygerberg Range have a gentle southerly dip. They 
í^radually become steeper, then vertical, and even dip to the north still 
further on. 

No contortions of the strata can bc detected anywhere, stiU we find 
the Witteberg Series distinctly "floating" on the younger Dwyka 
Series over distances up to a hundred yards away from the main white 
quartzite range. 

These facts would seem to me to be incompatible with the assumption 
of a vice-like pressure having been brought to bear by the northern part 
of the younger deposits on the older Witteberg Quartzites, and conse- 
quently it would seem that this hypothesis cannot account for the distinct 
*' floating " of the older series on the youngér. 

Now wlion we study the country to the south of the main range, that 
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is between the Tygerberg and the Zwartebergen, we find — and on this 
point there is again no difference of opinion — that the strata are lying 
nearly horizontal, and show only slight undulations. 

Thus to the south, just as to the north, both the position and the 
behaviour of the strata are entirely against the assumption that the 
Witteberg Quartzites could have been pressed as in a vice by the younger 
deposits. Still, here also, just as to the north, we find the Witteberg 
Formation lying on top of the dwyka. Just to the south-west of the 
Tygerberg Poort, for instance, we find a thin sheet of mottled quartzite 
lying nearly flat on the lower dwyka (Figurc 1, Plate XXI.). 

Further west we find this phenomenon very well developed close to 
the *' Klein Tygerberg.'* White Witteberg Quartzites and brown 
mottled quartzites are here *' floating *' on dwyka about 200 yards away 
from the main body, and in betwcen these large fragraents of white and 
mottled brown quartzites and the main ridge we distinctly see dwyka 
surrounding these W^itteberg deposits which lie on the top of it 
(Figure b, Plate XXI.) 

And this fact becomes the more apparent when we follow the gully 
which runs to the south — that is, at right angles to the strike of the 
country. Here we find lower dwyka, and still further down the typical 
conglomerate, while a little further to the east we see the Witteberg 
Beds on the same strike. Even at one place close to the main body, ono 
can see the dwyka disappearing underneath the Witteberg Series. 

Moreover, Mr. Schwarz mentions* that at the west end of the 
" Witteberg Anticline *' he aho found these hrown quartzites lying 
immediately on the dwyha, whilst further up he even fouitd the conglo- 
merate resting directly on the main quartzites.^ 

Summarising, to the south of the Tygerberg Range, we find: — 

(a) That the strata are near the horizontal ; 

(b) That in several localities the Witteberg Series again lies on 

the dwyka; and 

(c) That the dwyka rests immediately on the Witteberg 

Quartzitos. 

These facts appear to me to be unexplainable, if we assume that the 
Witteberg Quartzites are here peeping through the younger series. On 
the contrary, all the facts here enumerated seem to indicate distinctly 
that the Witteberg Quartzites are ^'floatiiig'' on the younger series. 

But, if we admit this, i.c, that the Witteberg Quartzites are 
*' floating *' on the Dwyka Series, the question resolves itself at once 
into: — 

(1) Where do these Witteberg Quartzites come from? (2) How did 
they get into their present position? (3) What is the tectonical relation 
between the Dwyka and the Witteberg Series? 

On searching thc country to the north of the most northern range 
of hills parallel to the Tygerberg Range, we notice that for miles and 
miles (twenty or more) there is no longer any sign of Witteberg rocks. 
First the eye meets with Ecca, and later on with Beaufort Beds. 



"" Loc, rif., p. 91. 
» Loc. cit.j p. 91. 
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Passing to the south of the southern parallel range of hills, however, 
the first thing which forcibly strikes us when driving or riding through 
the plain is that the whole flat area between the Tygerberg and the 
Zwartebergen seems to be strewn with more or less large fragments of the 
white Witteberg Quartzites. 

Imniediately to the north of tlio Tygerberg we find more or less big 
outliers of these typical Tygerberg rocks with the dwyka a little to the 
north of them again, whilst in the plain just mentioned, between the 
Zwartebergen and Tygerberg, we find ranges composed of white quartzites, 
brown quartzites and shales identical to those found helow the dwyka — 
that is between the Dwyka and the Witteberg Series. Mr. Schwarz 
believes these beds to belong to the Ecca Series,^" but I am strongly 
inclined to correlate at least some of them with the beds below the lower 
dwyka, to which they are lithologically identical; and, judging from 
his section, Mr. Rogers is of the same opinion," whilst Mr. Sawyer's 
ideas seem to coincide with those of Mr. Schwarz. 

Thus it would seem that we are ablc to follow the Witteberg Series from 
the Tygerberg riglit on to the Wittel)erg (northern portion of the Zwarte- 
bergen), and the only explanation of its presence here seems to me that 
there is a gigantic inverted fold with its ** root '* in the Witteberg Range 
south of Prince Albert, and its breast or ** crown " ten miles further 
north, forming the Tygerberg Range {plis covché: nappe de charriagt 
of the French and Swiss geologists). 

A section from south to north would then show a figure as repre- 
sented in Plate XXI., Figures 1 and 2. And if we study the natural 
sections in the main Tygerbcrg Range, two of which are reproduced 
in the accompanying photos, it would again secm as if their structure 
supports the above tendered interpretation. For in both we distinctly 
see the reverscd linib of the anticline drawn out towards the south, being 
only partly covered by the normal limby becausc a great portion of this 
overlying limb has already been denuded away. Neither in these 
photos, nor anywhere elsc, did I find any sign of the strata having been 
folded in " mushroom " fashion. 

The anticline here is simple, and ** open " to the south. Furthcr 
to the east the structure becómes more complicated in so far as the 
anticlinal crown has been completely turned over, opening now to the 
north. Moreover, the normal limb of the anticline in the Tygerberg 
Poort section has at this point, not more than four milcs further east, 
become inverted, and vice-versa. The passage between these two 
positions can be studied on the eastern side of the Tygerberg Poort, and 
is represented in Figure a, Plate XXI. 

If we now study the country in the neighbourhood of Prince Albert, 
we find to the north of the Wittcberg a double range of Dwyka Series 
with Prince Albert Village lying between them, and nearly in the 
synclinal trough. Going south through the Zwarteberg Poort we first 
meet with the Witteberg Quartzit^s overlying the dwyka, just south of 
Prince Albert; this is the inverted limb of the anticlinal root. Further 

^"^ Loc. cit., p. 89. 
^^ Loc. cit., p. 50, 



Digitized by 



Google 



88 TRANSACTIONS OF THE GEOLOGICAL SOCIETY OF SOUTH AFRICA. 

south again the lower dwyka and the conglomerate overlie the Witteberg 
quartzites, always with the typical shales separating the dwyka from the 
Witteberg quartzites. This would constitute the normal limb of the 
anticlinal root. 

Continuing, we meet with upper Dwyka Series, then conglomerate 
and lower dwyka again, then Witteberg Quartzites," then Bokkeveld 
Beds, and lastly Table Mountain Sandstone forming the heart of the 
magnifícent Zwarteberg Anticline. 

The interpretation as given by me would also explain why the Dwyka 
Series in some parts, as for instance at Fraserburg Road, has a thickness 
of over 1,300 feet, according to borehole evidences, whilst at others, 
where it has evidently not been duplicated, it has hardly one-half, or 
even a quarter, of that thickness, and it would thus seem to be tho 
only rational explanation of the Witteberg Series overlying the Dwyka 
Series in the Tygerberg Range. 

Although the time I could give to the study of this highly interesting 
folding was too short to afford me all the proofs I should have liked to 
accumulate in support of the correctness of niy contentiou, stiU, I think 
I was able to gather enough data on the spot, as well as from the 
descriptions by the different authors, to make my conception a highly 
probable one. 

The interest of this folding phenomenon lies mainly in the fact 
that we arc here in the presence of a huge inverted fold, the crown of 
which does not as yet seem to be entirely disconnected from its root, thus 
enabling us to follow it, so to say, step by step. I wiU call this kind of 
fold a **dormant'' inverted fold on account of the nearly horizontal 
position of the axis-plane. 

The existence of similar gigantic inverted folds has been established 
in sevcral mountain chains in different parts of tlic globe, and thc 
innocent looking, softly undulating Karroo Formation may hide a very 
much more complicated structure than hitherto anticipated. 

That these gigantic earth movcments really exist, and are not merely 
geologists* fictions, has, as we know, been proved in ^ masterly manner 
in the case of the Swiss Alps by Messrs. Lugeon, Schardt, and others; 
by Mr. Termier for the Austrian Alps; and by Messrs. Leon Bertrand, 
P. Lemoine, and others, in the case of the Pyrcnees and of the Atlas 
Mountains in Southern Morocco; whilst the greatcst of living geologists, 
Mr. Edward Suess, has drawn our attention to their existence in the 
Himalayas. 

Compared to some of the inverted folds thus cstablished as having 
an aipplitude between their **root" and thcir ** crown " of 40, 50, 
60, and even 100 miles, with high mountain ranges — as, for instance, 
parts of the^'Mont Blanc Massif — rising between the two now detached 
limbs, this Tygerberg fold is a very small one indeed. 

My reason for bringing this phenomenon to the notice of the Society 
is that I believe it to be the fi rst dormant inverted fold which has been 
described in South Africa, and in which a direct connection between 
" root " and " crown " can still be established. 

*« E. H. L. Schwarz, loc. cit,, p. 87; A. R. Sa>vyer, loc. cit. 



Digitized by 



Google 



TECTONICAL BEMABKS ON PBOBABLE BIG TYGERBBRa INVERTED FOLD. 89 

The idea of their existence is not new though, for Mr. David Draper, 
for instance, in a privto conversation I had the pleasure of having with 
him the other day, thought that a probable explanation of Langer- 
mann's Kopje and of the supposed reversed relations between its con- 
stituent rock and the amygdaloidal diabase, could be given by the 
assumption of such a dormant inverted fold having brought the Venters- 
dorp Series in this position, the connection with its roots having been 
entirely eroded away. 

In conclusion, I beg to thank all those, and in particular Professor 
E. H. L. Schwarz, of Grahamstown, who have been kind enough to give 
me information, both in writing and verbally, and who have thus contri- 
buted to enable me to lay these observations before the Society. 
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The Gteology of the South-Westebn Transvaal 
(Read 16th July, 1906). 

By G. G. Holmes. 

[Plates XXII., XXIII.] 
TOPOORAPHT. 



The area lying between the towns of Wolmaranstad and Vryburg 
(Bechuanaland) extending northwards towards Lichtenburg and 
Mafeking, is classed as *' high veld/' having an elevation above sea-Ievel 
of between 4,000 and 4,500 feet. 

The Makuasiberg is situated inimediately to the east of 
Wolmaranstad ; westwards there are no conspicuous hills, the country is 
of a gently undulating character, having belts of small trees and bush 
scattered throughout. 

The general slope of the countrj is towards the south-west, and it 
ís intersected bj valleys draining southwards into the Vaal River. The 
principal spruits from east to west are: Makuasi Spruit, which passes 
through Woknaranstad ; Bamboes Spruit, a few miles further west; the 
Harts River, which rises in the neighbourhood of Lichtenburg, and 
passes through Schweizer-Reneke ; beyond the western boundary of the 
Transvaal is the Dry Harts, which passes through Vryburg. Between 
the Bamboes Spruit and the Harts River Valley is an extensive plateau 
which culminates about half-way in Spioen Eop, from whioh point, as 
its name implies, an extensive outlook is obtained both east and west. 
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GEOLOGICAL FORMATIONS. 

Tho principal formations to be hoticed in this area are as foUows, 
in descending order: — 

(Coarse sandstone and grit. 
Fine sandstone and shale. 
Owyka conglomerate. 

Unconformity. 

jr , 1 tf i í Amvgdaloidal diabase, Volcanic 

Vcniers,hrpí,.jslem ... |coDglomerato and porphyritc. 

Slight unconformity. 

Quartzite flagstones with conglomeratc. 

Unconformity. 
IFitwahrsmnd Si/stem ... lled shales and hard quartzites. 
ArcJiaan Sf/síeni Gneissoid granitc. 

KARROO STSTEM. 

This formation occupies a large portion of tho clevated country 
between Bamboes Spruit and the Harts River Vallcy. 

In this area the formation lies in a practically horizontal position, 
outcrops are scarce owing to the easy disintegration of the rocks, the 
evidence therefore of the formation is derived chiefly from wells and 
pits. Outcrops of coarse sandstone occur on the higher ground in the 
neighbourhood of Spioen Eop, and at several places to the north; this 
sandstone is of a gritty nature, and closely resembles that found in the 
coal measures in other parts of the Transvaal. 

The sandstones are underlaid by soft micaceous shales, which in 
places are nearly black with carbonaceous matter; over one hundred feet 
of these shales are intersected in a well on the farm Langerwacht No. 53, 
situated seven miles due south of Spioen Kop. 

Along the south-eastern limit of the Earroo Beds some exposures of 
dwyka conglomerate occur; it is also encountered in wells sunk in that 
part. 

The total thickness of the Earroo Beds in this area is difficult to 
estimate, owing to their horizontal position and the absence of natural 
sections; it will probably approximate 300 feet. 

Frequent patches of well-worn gravel, which occur in the surround- 
ing country, are probably derived from the disíntegration of the dwyka 
conglomerate ; these patches occur on the ridges rather than in thc 
valleys, and are often distant from any existing stream bcd. 
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Other patches of Karroo Beds, besides the one here defíned, are 
known to eiist, overlying the Ventersdorp Beds, in the South-West 
Transvaal. 



VENTERSDORP STSTBM. 

A glance at the maps shows that rocks belonging to this system are 
exposed over a very large area. The predominating rocks are basic 
lavas, chiefly amygdaloidal diabase, which form a portion of an enormous 
sheet extending from Klerksdorp westwards along the Vaal River as far 
as the Dry Harts River, beyond which, south of Vryburg, it is overlaid 
by the Black Reef and Dolomite Series of the Kaap Plateau; west of 
Vryburg the same formation underlies the Black Reef Series for over 
forty miles. Northwards this diabase sheet covers most of the country 
as far as Lichtenburg, and is found in the ncighbourhood of Mafeking. 
West of Mafeking it is covered by the extensive syncline of Black Reef, 
Dolomite, etc., of the Marico Basin, but appears again on the northern 
margin of that syncline along the northern boundary of the Transvaal 
between Crocodile Pools and Deerdepoort. In the South-Western Trans- 
vaal the predominating rock of the Ventersdbrp System is, as above 
stated, basic lava of the diabase type, most of which has an amygdaloidal 
structure; the amygdules are chiefly siliccous, consisting of agate, 
chalcedony, often bright red; calcite and other secondary minerals are 
more rare. 

The outcrops in the diabase area are fairly numerous, but there are 
considerable stretches covered by soil, which, it may be remarked, is of 
excellent quality, due to the decomposition of this rock, and is 
responsible for the superior quality of the veld in this district. 

Next in importance to the basic rocks are the acid quartz porphyries. 
This class of rock has long been noticed in the Makuasiberg, but occurs 
in many other localities. 

Weathered specimens of porphyrite are of a reddish colour, the 
interior having a bluish tinge; this rock contains porphyritic crystals of 
felspar and quartz; on surface it often presents a pitted appearance 
owing to the decomposition of the felspar crystals. There is a noticeable 
change from a granitic structure near the centre of the mass to a fine 
grained felsite with small porphyritic crystals near the edges. In the 
centre of the larger masses it approximates true granite in structure, 
but is clearly distinguishable from the Basement granite, which usually 
has a marked gneissoid structure. 

The porphyrite occurrences usually outcrop prominently, forming 
sniall hills rising from the surrounding diabase on account of its superior 
resistance to weathering; the large mass constituting the Makuasiberg 
is about twenty-six miles in length, bearing north-east and south-west; 
at its southern extremity it splits up into small branches, one of which 
is well exposed on the farm Zoutpan No. 147, situated sixteen miles 
south-west of Wolmaranstad ; at this place a dyke of porphyrite, twenty- 
five yards in width, cuts the quartzites which immediately underlie the 
diabase. Where the porphyrite is surrounded by diabase the precise 
relationship between the two rocks is difficult to determine. At 
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Eareelaagte, west of Schweizer-Reneke, a small band of porphyrite was 
obseryed, overlaid by, or intruded into, the diabase; this band is possibly 
an offshoot from the large mass lyiríg immediately to the south-west. 

Twenty miles north of Mafeking a large mass of porphyrite occurs, 
overlaid to the north-east by Black Reef Formation; similar rock also 
occurs at Crocodile Pools in the extreme north-west corner of the 
Transvaal. 

I conclude that the porphyrites occurring in this area are of the 
nature of intrusive dykes rather than interbedded lava sheets, and that 
they are correctly classed with the rocks of the Ventersdorp System, 
being younger than the quartzites immediately underlying the 
amygdaloidal diabaso, and older than the Black Reef Series which 
overlies them without any apparent disturbances. 

Araong other rocks occurring with the Ventersdorp Formation in 
this area is volcanic congloraerate ; a well defined bed of this material 
crosses the Harts River, twelve miles above Schweizer-Reneke, bearing 
uorth-west to south-east, with a slight dip to the north-east; this bed is 
both overlaid and underlaid by amygdaloidal diabase. To the south- 
east it disappears beneath the more recent Karroo Beds. This rock 
consists of large and small fragments and boulders imbedded in a matrix 
of lava; it is similar to that occurring in the same formation at 
Mafeking, and cannot be mistaken in the field for dwyka conglomerate, 
with which it has sometimes been confusod.* 

The true nature of similar occurrences, notably at Ventersdorp, 
bas been described by Dr. Hatch (**Geology of South Africa," chap. iv.). 

The sources of origin of the enormous masses of diabase which form 
the bulk of the Ventersdorp Beds are not apparent; they possibly belong 
to the class known as fissure eruptions, though anything of the nature of 
volcanic cones would have long ago become unrecognisable in a formation 
80 ancient. 



QUARTZITE BEDS UNDERLTING THE DIABA8B. 

In some localities, immediately below the diabase of the Ventersdorp 
System, and more or less conformable with them, quartzites occur. 

These beds occupy a position corresponding with those described 
recently by Jorissen \Trans, Geo. Soc, S.A.y vol ix. page 40), and with 
those known as the Elsburg Series on the Rand. 

These beds are exposed in the neighbourhood of Schweizer-Reneke, 
where they form a belt from one to three miles in width on the northern 
and eastern sides of the granite mass exposed in the Harts River Valley, 
lying between the granite and the overlying diabase; they have a dip 
here of from 5 degrees to 10 degrees to the north and east. Thirty miles 
due north of Schweizer-Reneke these quartzites again appear from 
beneath the diabase, on the farms Rapoeli No. 320, and Sterkfontein 
No. 319. 

* Molengraaíf, " Geology of the Transvaal," map. 
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Betweeh Schweizer-Reneke and Rapoeli the diabase sheet is thin, 
and small inliers both of quartzite and granite are exposed. 

Proceeding northwards these beds continue into the Eunana 
Reserve, but die out before Mafeking is reached, at which place the 
diabase of the Ventersdorp System lies immediately upon the primary 
rocks. 

West of Wolmaranstad, along the Bamboes Spruit Valley, the same 
quartzitcs appear from beneath the diabase; here they have a general 
north and south strike and dip slightly westwards, thus forming, with 
those at Schweizer-Reneke, a shallow syncline. 

To the south-west of Wolmaranstad the quartzites lie against the 
porphyrite of the Makuasiberg, which, as above noted, is plainly 
intrusive into them; from Bfteen to eight^en miles to the north of Wol- 
maranstad they appear from beneath the diabase and Earroo Beds, 
which latter here for some distance overlie the junction, lying upon Lower 
Witwatersrand Beds with great unconformity. The latter are repre- 
sented by red shales and hard quartzites, dipping eastwards at from 30 
to 60 degrees. A short distance further north a narrow tongue of 
primary granite is exposed between the two formations. Between the 
two occurrences of quartzites, to the north and south-west of Wol- 
maranstad, the outcrop is probably continuous, but I had no opportunity 
of tracing these beds completely between these two points 

The quartzite beds near Schweizer-Reneke include quartzite and 
flagstone, showing ripple marking. The flagstones are quarried for 
building purposes and fence posts; they split into slabs of very uniform 
thickness. Some farms in the neighbourhood of Schweizer-Reneke are 
fenced with this material. South of Schweizer-Reneke, on the farms 
Homansvlei No. 85 and Vuurfontein No. 61, a well defíned bed of small- 
pebble conglomerate is found near the base of this series. 

The thickness of the quartzite series in the neighbourhood of 
Schweizer-Reneke is about 500 feet. 

There has been some differencc of opinion as to tho correlation of 
the quartzite series immediately below the diabase. There is no doubt 
that these beds in the Western Transvaal correspond in position to those 
described by Jorissen in the Klerksdorp district, but though they are 
distinctly unconforraable with the Lower Witwatersrand Beds, and 
apparently approach nearer to the volcanic beds of the Ventersdorp 
System in age, they are not strictly conformable with the latter, as they 
do not appear along the contact between the Ventersdorp diabase and the 
Basement granite in Bcchuanaland — in fact, a line drawn north and 
south, a short distance west of Schweizer-Reneke, appears to be their 
western limit; around the small exposure of granite, twenty miles north 
of Schweizer-Reneke, the diabase rosts immediately upon the granite. 



PRIMART ROCKS. 

These are represented mainly by granite with a gneissose structure, 
which appears in irregular patches (see Plate XXII.), surrounded com- 
pletely in some cases by rocks of Ventersdorp System; it is, however, 



Digitized by 



Google 



THB GEOLOGY OF THB SOUTH-WESTERN TRAN8VAAL. 95 

evidently not intrusive in these rocks, but exposed through denudation ; 
the granite mass at Schweizer-Reneke is exposed over an area of at least 
three hundred square miles. 

The exposure north of Schweizer-Reneke extends northwards and 
westwards into Bechuanaland, where it covers large areas, and is 
evidently a part of the same mass extending past Mafeking until it 
connects with that found in the Northern Transvaal and Rhodesia. 

Associated with the gneiss formation are bands of ferruginous shale; 
they occur south of Schweizer-Reneke at Abelskop, etc. Further north 
they appear again in the Eunana Reserve, extending to Madibi; the 
most extensive occurrence is on the Setlagoli Reserye, where they form 
the bulk of the hill range at Maritsani and Eraaipan. At their 
southern extremity at Abelskop they are much contorted and folded, but 
at Eraaipan they occur in a more regular position, haying a general 
strike of north-west and south-east, with an average dip of 45 degrees 
to the north-east. 



OENERAL BTRUCTURE. 

The most noticeable feature in the structure of this part of the 
country is a folding of the formations, the axis of which has a general 
north and south direction, due to pressure acting east and west. The 
main axis passes near Schweizer-R'eneke northwards to the Eunana 
Reeerve, along which line we fínd exposures of the primary granite. 
This line also divides the two great synclines of Dolomite and Pretoria 
Beds, one of which extends oyer the Eaap Plateau in Bechuanaland and 
the other oyer the North-Western Transvaal in the Marico and Rusten- 
berg districts. 

It is noticeable that this axis is coincident with the lamination of 
the gneiss, and that the pressure was prolonged in the same direction 
for a long period, acting most intensely on the oldest rocks; thus, 
whereas the quartzites inmiediately beneath the diabase at Schweizer- 
Reneke show comparatively gentle folding (see section), the shales of 
Abelskop are crushed and folded to a great degree in the same direction. 



CLÍ ^cA»*^í-xer--7?c/t«Ae. 



<r9tMÍ^^ 
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As might be expected, there is a certain amount of mineralisation 
in the rocks along this line, gold having been found at several points. 

I see no reason for classing the Abelskop shales as older than the 
Hospital HiU shales of the Witwatersrand System, in which they were 
fírst placed bj Molengraaff^ ; their intimate connection with the surround- 
ing gneiss can well be explained by intense folding due to the pressure 
above alluded to, and, as above stated, these rocks occur at Eraaipan, 
etc., further north in a much less disturbed condition. 



' " Geology of the Transvaal," p. 21. 
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The Positiox of thk Tuansvaal Coal-Measures in the 
Karroo Sequexce (Read 20th August, 1906). 



By E. T. Mellor 

(('onjmunicated by perniission of tlie Acting-Connnissioner of Mines). 



The question of tlie age of tlie Transvaal Coal-Measures and tbe 
exact position which they occupy in the sequence of strata included 
under the Karroo System, is a point concerning which there exists con- 
KÍderable diversity of opinion aniong South African geologists, and 
is stiU an unsettled question in Transvaal geology, upon which there 
wiU probably only be fii al agrcement when our knowledge of the Karroo 
System, which is at present more or less limited to certain special 
districts, is made at least equaHy complete with regard to the extensive 
intervening areas. 

As a result of observations made in diCferent localities during the 
past two or three years, and more particularly in the course of recent 
survey work in the Witbank district, additional data have been 
gathercd which 1 sliould like to place beforc the members of the 
Geological Society. 

While these data are not of a character to settle the question of the 
position of the Transvaal Coal-Measures, yet it is hoped that they may 
throw some additional light on certain doubtful points, and so aid in 
the ultimate solution of the problem. 

Before, however, considering such new facts as may have become 
recently available, it will be useful to review as briefly as possible the 
various opinions held with regard to the correlation of the Transvaal 
Coal-Measures, and the arguments which have been advanced in their 
favour. 

In Cape Colony, where the Karroo System attains its typical and 
most complete development, and where the naturc and succession of th^ 
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Karroo rocks h^s long been a subject of study, the following sequence 
has been more or less definitely established: — * 

Approxiniate 
maximum 
thicknes8 
Kanm Sf/sfein — 

Stormbert? Series 8,200 feet. 

Beaufort Serics 5,000 „ 

Ecca Series 2,600 „ 

Dwyka Serios 2,300 „ 



Total 18,100 feet. 

In the Transvaal, and particularly in those portions where coal 
has been worked to any extent, and which consequently are best known, 
the enormous thickness of strata developed in Cape Colony is represented 
by a much reduced series, which in many well-known districts, such as 
Vereeni^ing, Brakpan and Witbank, may be said to be almost limited 
to the coal-bearing rocks themselves, and it is the geological position 
of this abbreviated series with relation to the full Karroo sequence which 
has been the subject of much difference of opinion. 

Owing to the characteristic association of coal-seams with the beds 
under discussion the earliest correUvtions werc naturally with the Storni- 
berg Series, and particularly with the Molteno Beds, the only strata in 
Cape Colony characteriscd by any marked development of coal.^ 

The recognition of the frequent presence below the coal-measures 
of a glacial conglomerate comparable with the Dwyka Conglomerate of 
Cape Colony, and the discovery of fossils differing in a very marked 
degree from those characteristic of the Stormberg Beds, eliminated the 
possibility of correlating the Transvaal Coal-Measures with the Molteno 
Beds. Therc now remained two niain divisions of the Karroo System to 
which the Transvaal coal horizon might be referred — the Ecca and the 
Beaufort. 

Mr. E. J. Diinn, whose work has so nnich advanced South African 
geology, has been the chief supporter of the correlation with the Ecca 
Beds. The occurrence of coal at Cambdeboo, in Cape Colony, apparently 
in the Ecca Beds, led Dunn to the opinion that extensive seams of 
workable coal existed in the Lower Karroo (Ecca) Beds of Cape Colony, 
an opinion which he has long and consistently championed,^ and when 
the coal-beari ng beds at Vereeniging wcre found to lie very closely 
above the Glacial Conglomerate, Dunn was naturally disposed to regard 
them as of Ecca age* — a view in favour of which many arguments can 
be adduced, and which has received the support of many geologists. 

* A. W. Kogers, ** (ieology of Cape Colony," llKí.'», p. 147. 

* D. Draper, **C'oal Deposits of Sonth Afrioa," Trans. (ieol, Sfjc. S.A.j vol. iii., 
p. 141, 1897. 

' Ë. J. Dunn, Tmns. Gcol. Soc. S.A.^ vol. vi., part v. ; MinutcH of Proceedinffs 
Geol. Soc. S.A„ 13th Jan., 1904. 

*E. J. Dunn, '*0n Suh-Karroo Coal," Tvans. (ieol. Sor. S.A., vol. iv., p. ll.j, 
1898; *'Note8on the Dwyka Coal-Measurcs at Veroeni;,nn«^, Tran.svnal,'' Trana. 
S.A. Phil. Soc, vol. xi., p. 07, 19(XK 
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Dunn*8 view of the age of the Vereeniging coal was adopted by Dr. 
Corstorphine,* and extended to that of the Orange River Colony, 
Eastern Transvaal, and neighbouring portions of Natal, and was also 
accepted by Dr. Hatch.* 

Taking Dunn's correlation of the Vereeniging Beds as proved, Mr. 
W. Anderson places the coal-bearing series of Zululand in the Ecca 
Series,^ as well as the coals of Vryheid, Newcastle, and Dundee.® 

On the other hand, the correlation of the Transvaal and Natal 
Coal-Measures with the Beaufort Series is regarded by some geologists 
as more nearly representing their position in the general sequence of 
Earroo strata. 

In his report for 1898, Dr. Molengraaff expressed doubt of the then 
prevailing classification of the Transvaal Coal-Measures as part of the 
Stormberg Series, and suggested correlation with the Beaufort Series' — 
a correlation which he further advocated in his discussion'^ of Mr. W. 
T. Heslop's paper on the ** Coalfields of Natal," and in his ** Geologie de 
la Republique Sud Africane.'*^^ In the English translation of this 
paper,*' Dr. Molengraaff follows the view of Dunn and Corstorphine with 
regard to the Vereenigiug Coal-MeasUres, retaining the Beaufort cor- 
relation for the remainder of the Transvaal Coal-Measures, or High 
Veld Series. 

In mapping a considerable area of coal-measures in the district 
between Pretoria and Middelburg, and from an examination of the 
same series in several other districts, the writer has yet seen no reason 
to differ from Molengraaff^s view that on the evidence at present avail- 
able the Beaufort correlation appeared the more probable one; at the 
same time, he does not agree with the separation of the Vereeniging 
Coal-Seams from those of Middelburg, Brakpan, and other districts. 

The main arguments in favour of thc Ecca correlation are: — 

(a) The fossil evidence. 

(b) Position of the coal-seams witli relation to the Dwyka 

Conglomerate. 
Perhaps greater stress has been laid upou the latter of these points, 
but it may be well to deal with the fossil evidence first, because if it 
were conclusive, it would render further discussion unnecessary. 

PAL^ONTOLOOICAL EVIDENCE. 

It is unfortunate that practically all the fossils available as evidence 
are plant remains, and this constitutes at once a great point of weakness 
in the evidence derived from this source. The classification of plant- 

» G. S. Corstorplïine, " Note on the Age of the Central South African Coal-field," 
Trans. Geol. Soc. S.A.y toI. vi., p. 19, 1903. 

« Hatcli and Corstorphine, ** Tlie Geology of Soutli Africa," 1905, p. 213. 

7 Geological SurAey of Natal, Ist report, 1902, p. 58. 

" Geological Survey of Natal, 2nd report, 1904, p. 55. 

» Geological Sur^-ey of 8.A.R., report, 1898, p. 12, note. 

^^ Trans. Inat. Min. Eng.y vol. xxi., 1901, p. 215. 

" Molengraaff, Bull. de la Sor. Oeol. de Franee, Paris (1901). 

» ** Geology of the Transvaal," Johannesburg (1904), p. 82. 
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forms depends almost entirely upon the reproductive organs, and these 
are usually conspicuous by their absence in beds which are otherwise 
eitremely rich in plant remains. As far as I am aware, no recognisable 
specimen, including the reproductive organs, has yet been recorded 
from South Africa, with the exception of the fruit or seed known as 
Cardiocarpus, 

Identifications based upon the vegetative organs of plauts aro 
exceptionally unreliable, and no one recognises this fact more clearly 
than workers in the particular domain of fossil botany. Mr. A. C. 
Seward in a paper dealing specially with variation in Sigillaria,^^ 
endorses Kidston*s remarks on the difficulty of discriminating in many 
specimens between species, and even genera, of fossil plants, and further 
quotes an example in which a specimen of a flattened stem shows on one 
side the Clathrarian type {Sigillaria brardi), and on the other side the 
Leiodermarian type (Sigillari/i spinulosa). Such well known carboni- 
ferous types as Lepidodendron selaginoides and Sigillaria vascularis 
have recently been shown to be one and the same plant, having been 
found in organic connection in the same specimen,^* and many similar 
instances might be further quoted. In' particular, Mr. Seward, who 
has made the carboniferous flora a special study, speaking in reference 
to GangamopteriSf one of the plants particularly relied upon to support 
the Ecca correlation, says ** it is often almost impossible to draw a 
satisfactory line between Glossopteris and McCoy's genus Ganga- 
mopteris,'^^^ 

The uncertainty attaching to the cvidence of fossil phints could 
not be l>etter shown than by thc somewhat rcmarkable fact that the 
Bupporters both of the Ecca and of the Beaufort correlation claim that 
the palocontological cvidence is in their favour.^' Dr. Corstorphine 
claims the support of Seward and Zeiller. Seward, in the paper 
referred to,*' speaking of the collecting of plants from Francis, statcs 
that *' Zeiller decides in favour of assigning the plant beds to the 
horizon of the Beaufort stage,'* and Seward does not dissent from this 
opinion. Seward himself conipares thc plants from Francis with those 
of the Damuda fossil-flora of India. 

With regard to the Vereeniging fossils, Seward says: *' The occur- 
rcïnce of Gangamopteriif point^ to the Damuda or Karharbari stage of 
India as the probable representative of the Vereeniging Beds. The 
abundance of the long and narrow Glossopferis leaves which I have 
spoken of as G. hrowniana, var. augustifolia, would seem to point rather 
to the Damuda than to the Karharbari horizon." 



" A. C. Seward, " Variation in »S'#V/í7/«/fVr," Gcol. Maa., vol. vii , 1890, p. 214. 

" Weiss and Lonmx, *' Tlie Steni and Branches of L. Selaginaidcs" Proceedings 
Manckester Lit. and PhU. Soc.y vol. 49, No. 17, June, 1900. 

"A. C. Seward, **Report on Collections of Natal FohsíI Plants,'' 2nd report 
Geolofíical Survey of NaUil, 1904, p. 97. 

wG. S. Corstorphine, /í/c. cit., p. 18; (í. A. F. MolengnuifV, *' Cíeology of the 
Transvaal," 1904, p, 81. 

ï^A. C. Seward, ^^ Siffillana and Ghmopiciis iii South Africa," Qaart. Jonrn. 
Geol, Soc, vol. liii., 1897,V- -^^^. 
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•• • • 

Tlie Damuda Series of India bears a striking rescmblance to tl;e*'* 
coal-measures of tbe ïransvaal, and particularly with the Beaufo/tr**, 
Beds, with which it is corrolated by Indian geologists.*' 

Hence it would appear that both Zeiller and Seward are in favour 
of correlating the Transvaal Coal-Measúres from which their specimens 
were obtained either directly with the Beaufort Beds of Cape Colony 
or with their Indian equivalents. 

Mr. Anderson's classiíication of the coal-bearing series in Natal and 
Zuluhmd as of Ecca age is quoted in support of the samc corrclation 
for the Transvaal.** This correlation was based in the first instance 
upon the resemblanco betwoen the Natal fossils and those of 
Vereeniging,**' as deterniined by Seward. Seward's opinion of the 
Vereeniging fossils given in the quotation above was certainly more 
favourable to correhition with the Beaufort Beds, while his opinion of 
the plant remains from Umhlala, in Zululand, which wcre submitted 
to him for description, was still more in favour of a similar correlation 
for the Natal coal horizon, since he thus sums up his examination : — 

*' On the whole, the evidence would appear to support the view that 
the plant beds are approximately homotaxial with the Damuda Beds of 
India, and belong to t!)e Beaufort Series of Sotith Africa.*'^^ 

Mr. Anderson*s statement that ** all our coals east of the Drakens- 
bcrg, in Natal, Zululand, and the Vryheid district belong to the Upper 
Ecca period ' ia scarcely borne out by Mr. Seward's determinations 
either of the fossils from Vereeniging or those of Umhlahi. 

On Mr. Anderson's collection of fossils from St. Lucia Bíiy, Mr. 
H. Etheridge, of Sy«lney, to whom they wcre submitted for examination, 
exprcssed the following opinion:^* ** The aspect of these fossils, ouiitting 
thc Esthej'ía and Angiopteridinm, is to mo unquestionably that of our 
Upper or Newcastle Coal-Measures.*' 

Thc Newcastle Coal-Mcasures are correlated by Oldham^^ with the 
Uaniganj and Barakar Beds (Damuda Series) of India and the Beaufort 
Bcds of South Africa, while both Anfjiopteridium and Estheria point 
to a still higher horizon, viz,, that of thc Stormberg Series. 

Considering the opinions expressed by palíeontologists on Natal 
fossils, it is not easy to follow the reasoning on which they have lx?en 
placed in the Ecca Series. On the contrary, the paheontological evidence 
from Natal affords strong support for the Beaufort correlation of the 
Vereeniging Coal-Seams. 

In their '*GeoIogy of South Africa,*' Drs. Hatch and Corstorphine 
say (page 15): ** By the discovery of Schizoneura and Glossopteris in 
some of the Transvaal collieries, Schmeisser was further enabled to 
correlate the coal-measures of the Transvaal with the Ecca Beds of the 
Capc.'* Schizoneura and Glossopteris are, however, both given by 



1« R. 1). Oldham, " Geology of India," Calcutta (1893). 
ï»Hatch and Coi-storphine, **GeoIogy of South Africa," 1905, p. 213. 
» Geolojifical Sunev of NatíU, Ist report, 19<^2, p. 58. 

« A. C. Sewanl, '^KeiKírt on Natal Foesil Plants," (ieological Survey of NaUiI, 
2nd report, 1904, p. 101. 

«(ieological Survey of Natiil, Ist report, 1902, p. 75. 
«K. D. Oldham, *» Geology of Inclia," 1893, p. 2í)8. 
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•'lfeistmanteP* as Beaufort fornis, and also by Rogers,^* and Schuieisser 
••himself may equally well be quoted in favour of tlie Beaufort view, 
'since he really left the correlation of Ihe Transvaal Coal-Measures doubt- 
ful between the Beaufort and Ecca Beds.^' I believe I translate him 
correctly as saying: '' Since at the Olifants River and at Holfontein 
Colliery the coals occur together with Glossopteris remains, a smaller or 
hirger portion of the coal beds of the Transvaal must be included in the 
Ecca and Bcaufort Bcds.^' Schnieisser, however, bases his opinion on 
that of Potonié, to whom he sent his speciniens for determination (see 
notc on p. G7 of Schmeisser's paper). Potonié's opinion with regard 
to the coal-measures at Holfontein at least, is in favour of the Beaufort 
correlation, since he says ** one woukl be most inclined to regard the 
horizon of the Olifants River as belonging to the Lower or Middle 
Karroo Formation, and that of Holfontein to the Middle Karroo Forma- 
tion.'' (Here Potoni^, as is shown by the immediately preceding 
context, is following Feistmanters classification, in which the Lower 
Karroo is equivalent to Ecca Beds and Middle Karroo to Beaufort 
Beds.) 

After reviewing the opinions of the authorities quoted above, it is 
indeed difficult to avoid the conclusion that the weight of palieontological 
evidence is in favour of the correlation of the Transvaal Coal-Measures, 
and also those of Natal, with the Beaufort Series rather than with the 
Ecca. 

In referring to a chapter on the Karroo System contributed by thc 
writer to Mr. H. Kynaston's account of the '* Geology of the Transvaal 
and Orange River Colony,*'^^ Dr. Hatch in his anniversary address to 
this Society in January, 190G, calls attention to the occurrence in the 
Transvaal Coal-Measures of Nittjyf rrit 111(^1^1, s /iisIoj>i, (rfftif/a/tiofjferis 
cyclopteroides, and Cardiocarpus. The importance of these fossils 
depends mainly on the fact that tHey are present in the Ecca Beds, and 
have not been found in the Beaufort Beds of Cape Colony. In consider- 
ing the evidence, it must not be forgotten that the records of plant 
remains from the Beaufort Beds are very scanty, and that these beds 
have not received the same attention which has been bestowed upon the 
Ecca Beds for so many years in the fruitless search for coal. We can 
hardly at present regard the evidence for the absence from the Beaufort 
Beds of the plants referred to as being complete. 

In the Indian Gondwana System, which the Karroo System so 
elosely rcsembles, and which has been more completely examined, both 
O. ci/clopteroides and N. hislopi range from the Talchir up to the 
Damuda Series, regarded as the equivalent of the Beaufort Beds of 
Soutli Africa, and the latter plant in Tonking^* ranges into beds con- 
sidered the equivalent of the Panchet Series of India and Stormberg of 
South Africa. 

^■^O. Feistiiiantel, '* (ieologiscli-paUi'oiitologi.»<chen verhaltnis!*e Sud-Afrikas," 
l»raíriie (1889), pp. 41-43. 

A. W. Roí;:ers, '* Geoloíry of Cape Colony," lOíJT), j). 97. 
^ Schnieisser. *' Uher Voikonimen und Cíewinnung der nutzharen Mineralien on 
der Sudaforkanischen Kepuhlik,*' p. 67. 

27 H. Kvnaston, " Science in Soutli Africa," 1905. 
R. D.^ Oiaiiain, " (íeology of Iiulia/' 1893, p. 190. 
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In Russia Amalitzky has found Gangamopteris in the same beds 
with Pareiamurus and Dicynodon^ characteristic Beaufort forms.^' 

Cardiocarpus is considered by palaeontologists as the fruit of one 
of the Cordaitaceo'y the group to which N atggerathiopRÍf< also belongs, and 
it aj)pears probable tliat CardiocarpuR niay be the fruit of Nmggerathi' 
opsis, since they are frequently found in association. In addition to 
tho localities hitherto recorded, I have found Cardiocarpus associated 
with the coal-seams at Belfast. With the negative evidence derived 
from the fossils juit referred to, we may reasonably compare that of 
the various Lepidodendroid stems which have been found. Lepidoden- 
dron and Favtdaria were met wíth by Mr. A. R. Sawyer near the 
junction of the Vaal and Klip Rivers,'® and other Lepidodendroid stems 
at Vereeniging by Mr. Draper^^ and by Mr. Leslie. I have also found 
Lepidodendroid stems at the Douglas and at the Belfast Collieries, yet 
I have not been able to find any record of such stems from 
the Ecca Beds of Cape Colony. It is quite possible, however, 
that they niay still be discovered. On the other hand, Lepidodendroid 
sTenis liave recenuy beeii found in Ca{)e Colony in tíie Burghersdorp 
Beds'^ — that is to say, in the uppermost portion of the Beaufort Series, 
and in the same connection we must not forget Mr. Anderson's specimens 
of Estheria and Ángiopteridium from thc St. Lucia Coal Field referred 
to above, which afford strong positive evidence that some at least of the 
Zululand coal-bearing beds are nearer tho Stormberg than the Ecca 
horizon. 

A review then of the paleeontological evidence can scarcely be said 
to establish the Ecca correlation, and that derived from stratigraphical 
considerations is not more conclusive. 



STRATIGIiAPHICAL EVIDENCE. 

The stratigraphical evidence for the correlation of tho Transvaal 
Coal-Measures with the Ecca Beds is based in the first instance upon the 
fact that at Vereeniging the coal-seams sometimes lie directly upon the 
Glacial or Dwyka Conglomerate, wRich is occasionally seen to be pene- 
trated by the remains of rootlets of the vegetation from which the coal 
originated. Dunn considers that this proves that the Karroo Period 
was followed directly by the growth of the coal-producing flora. 

Further, the occurrence of beds of conglomerate above the coal at 
Vereeniging is considered to prove an inter-glacial origin for the coal- 
seams. Such important conclusions, however, demand further evidence 
than has hitherto been adduced in their favour, for the fact must not 
be overlooked that were conditions suitable for the growth of a coal- 
producing flora to recur, exactly the same phenomena could be repro- 

29Amalitzky, *'Sur les Fouilles de 1899 de Debris de Vertehres dans les Depots 
Permiens de laRusie du Nord," 1900. 

«"Diamonds in South Africa," Mining at Kimberiey, Trans. N, Sfaffs. Inst. 
Min. Eng.t vol. x. 

^^ ** Siqillaria^ Glossopteris, etc., in South Africa," Quart. Journ. Geoï. Soc, 
vo). 53. 1897. p. 310. 

52 Cape of Good Hope Geological Commission Annual Report for 1904, pp. 80-81. 
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duced to-day — after the lapse of whole geological periods — both at 
Vereeniging, and Btill more in the Witbank district. Where wide areas 
of Glacial Conglomerate occupy the surface, as is the case to-day over 
many square miles in the Witbank district, the roots of the coal plants 
would again penetrate the Glacial Conglomerate, the coal-seams would 
be formed directly upon it, and if higher tracts of land existed in the 
vicinity and were occasionally swept by freshes of storm water, beds 
composed of material derived from the Glacial Conglomerate would be 
deposited in many places above the coal, exactly as at Vereeniging. 
The fact, therefore, that at Vereeniging the coal-seams lie directly upon 
the Glacial Conglomerate by no means proves that a considerable lapse 
of time did not intervene between the laying down of these two deposits, 
and tlie existence of conglomerates above the coal, composed of materials 
similar to those of the Glacial Conglomerate, does not necessarily imply 
an inter-glacial origin for the coal-seams. 

Some of the facts brought out by the survey of thc coal-measures in 
that part of the Middelburg district lying along the eastern line between 
Elands River and Witbank, aid us considerably in understanding the 
circumstances under which the conditions obtaining at Vereeniging 
could arise. A brief summary of these facts only will be given here. 
More complete data are given in detail in the Reports of the Geological 
Survey for 1903 and 1904, and particularly in that for 1905, at present 
passing through the press, where fuller illustrations in the way of maps, 
sections and photographs hnve been given, than would be possible in a 
paper like the present. In the district referred to, there is very clear 
uvidence to show that the Karroo strata were laid down upon a very 
uneven surface, with ridges rising probably from 200 to 300 feet above 
the levels of the valleys.^' At the close of the early Karroo Glacial 
Period this land surface was left covered more or less completely by a 
sheet of Glacial Conglomerate of very variable thickness. There is 
abundant evidence th.it this mantle of conglomerate consisting of 
bouhlers of very various rocks embedded in a more or less chiyey matrix 
was exposed to considerable denudation, by which it was entirely 
romoved from some portions of the siirface, particularly the higher 
ridges. 

The denudation of the conglomerate appears to have been carried 
on in its earlier stages comparatively quickly. During this phase the 
finer minerals of this matrix werc for the most part entirely carried 
away, a small portion only remaining, which was deposited in some of 
the more protectcd hollows to form the shales and mudstones frequently 
found to succecd tlie Glncial Conglomerate, as, for example, in the 
excellent sections exposed below the Douglas Colliery,^* and in the 
cutting near tlie drift on the Middelburg Road, about one mile west of 
the Transvaal and Delagoa Bay Colliery.'^ This phase of sedimentation 
corresponds apparently to the dcposition of the Ecca Shales in Cape 
Colony and Natal, and the deposits so laid down have a close resemblance 
to those of the Ecca Series. 



•'« Annual Report (íeological Snrvey, 1905, plateR xxiv. and xxv. 

' " '^ * p. 23-24, plat 

►late xii., fig 1 



••»^ Geologieal Siirvey Report, 1903, 'pp. 23-24, plate ix., fig. 1. 
^Geologieal Survey Report, 1905, plate 
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If the Ecca Serica of Cape Colony and Natal is present at all in the 
Central Transvaal, it appears probable that it Í8 represented in a much 
reduced form by these scattered occurrences of shales. They are, 
however, very scantily developed, never exceed a few feet in thickness, 
and are frequently absent altogether. Although so thin, they may, 
however, represent a very considerable period of time, for there can be 
no doubt from the conditions shown by the succeeding sandstones and 
conglomerate that beds of shales were frequently formed and swept 
away again during the denudation of the Glacial Conglomerate. 

As Dr. Hatch remarks in his anniversary address alluded to above, 
to regard the Vereeniging Beds of Beaufort age must involve the 
assumption of a considerable unconformity between the Dwyka Conglo- 
nierate and these beds. From the disposition of the conglomerate, and 
from its relationship to the overlying bedb, which frequently show a 
marked overlap, tho writer has long considered such an unconformity 
to exist in the Witbank area, and the conditions at Vereeniging point 
to the same conclusion. This first phase of denudation and sedimenta- 
tion was followed by a much more vigorous one characterised by the 
formation of deposits of sandstones, grits, and conglomerates, whose 
irregular bedding and rapid alternation of sediments of various kinds 
point to the existence of violent and variable currents.'* Fragments of 
carbonaceous shales enclosed in coarse sandstones point to the prevalence 
of vigorous contemporaneous erosion, and it is therefore probable that 
the thickness of these beds of grits and conglomerates gives no reliable 
criterion of the period of time which they represent, and it is extremely 
probable that these beds are to be regarded as the survivors of a series 
repoatedly deposited and swept away. Largo areas of Glacial Conglo- 
merate wero stiU exposed to the denuding agencies, and from them at 
this time were derived the shcets and beds of secondary conglomerates 
which occur so constantly throughout the Balmoral-Witbank area, below 
the horizon of the coal-seams. While bearing a close resemblance in 
some respects to the Glacial Conglomerate from which they have been 
directly derived, and from which in borehole cores and limited exposures 
they can hardly be distinguished, they have distinct characteristics of 
their own, which were pointed out in the Geological Survey Report for 
1903,'^ and have been given in greater detail in that for 1905. The 
main distinguishing characters of theso derived, as compared with the 
originál conglomerates, are the áistinct bedding, the grading and 
orientation of the pebbles and boulders, and the more sandy character 
of the matrix. 

At the Douglas Colliery a persistent bed of such conglomerate, 
averaging 12 feet in thickness, underlies the whole hill, and succeeds a 
series of mudstones, shales, and fínely laminated sandstones. some 30 
feet in thickness, which intervene between it and the true Glacial Con- 
glomerate below.*' In other localities, such as the valley of the Brug- 
spruit, further east, the horizon is represented by several smaller beds 
of conglomerate alternating with coarse sandstones, and a very similar 

«Geoloíncal Survey Report, 1905, plate xiii., fifr. 1. 

^' Geological Sunrey Report, 1903, p. 24. 

=» Geological Survey Report, 1903, plate ix., fig. 1. 



Digitized by 



Google 



106 TRAN8ACTI0NS OF THE GEOLOGICAL 80CIETY 07 SOUTII AFRICA. 

seriei in whioh the conglomorates are still more irregularly distributed 
is eiposed in the quarries in the big pan near the Electric Works at 
Brakpan. 

Tho deposition of these sedimentary conglomerates, and the thick 
sandstones and grits which accompany them, led to considerable 
levelling up of the country, both by the removal of the Glacial Conglo- 
nierate from the slopos, and by the deposition of the material so rerooved 
in the depressions. That the ridges were already covered with vegeta- 
tion is shown by the frequent occurrencc in the sandstones and conglo- 
merates of carbonaceous fragments, and tho filling in of the depressions 
was followed by an extx^nsion of the vegotation from the ridges to the 
flats 80 produccd. The occurrence over many square miles in tho Wit- 
bank Coal Field of seams of coal, or portions of seams, 2 feet or more 
in thickness, showing no -distinctly muddy bands, and with a percentage 
of ash as low as 7, indicates a growth of a portion of the coal in sitVy 
although the seam was no doubt considerably augmented by the frequent 
accession of drift material from the surrounding ridges, consisting 
usually of fine mud and vegetable debris, but occasionally in more 
violent floods including coarser sediments. 

The thinning-out of tho coal-seams and the associated beds against 
the ridges of older rocks, clearly seen in many places in the Witbank 
Coal Field,^' shows that these older ridges existed as such during the 
formation of the seams. The overlapping of the grits which lie above 
the coals on to the Glacial Conglomerate on these ridges (shown 'n many 
boreholes to" the east of Witbank) proves that considerable areas of 
Glacial Conglomerate were exposed on the ridges, while the formation of 
the coal-seams was proceeding on the lower ground, and it was no doubt 
from the scouring of these slopes bv frequent floodings that the lenticles 
of sandstone and washes of pebbles and conglomerate which occur with 
the coal-seams, especially aloiig their margins, were derived. Conglo- 
merates compoFed of pebbles indentical with those of the Glacial Conglo- 
merate of the district, frequently alternate with the sandstones below 
the coal-seams in the lM>rehole sections from the Witbank district, and 
also occur between the different seams in several instances. Natural 
seotions, however, like those exposed below the Transvaal and Delagoa 
Bay CoIIiery, and at the Douglas Mine, whïch can be examined in detail, 
leave no doubt as to their sedimentary and derived character, and 
nowhere is any evidenoe of diroct glacial origin met with. 

Moreover, the waý in which they are interbedded with fine and 
coarse sandstones, grits, and carbonaceous shales, exactly similar to the 
main body of the coal-measurcs, is against attributing to them any direct 
glacial origin. That they should be more frequent near the base of the 
series is in accord with the evidence froni other considerations of tho 
levelling-up of the inequalities of the land surface which took place prior 
to, and during, tho formation of the coal-seams, and continued during 
the quieter phase of sedimentation which gradually 8uccee<led the some- 
what tumultuous conditions shown so forcibly in the lower Ijeds. 

» Geological Snrvey Report, 1905, plates xxiv. and xxv. 
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Very similar conditions to those which can be so clearly made out 
in the Witbank area obtain at Brakpan, and can also be seen in certain 
localities at Vereeniging. It has been claimed for Vereeniging that it 
Í8 a locality typical of the Transvaal Coal Fields. This is, however, a 
point upon which considerable divergence of opinion is possible. 
Vereeniging may be representative of its immediate locality, but it is 
hardly typical of much larger areas cK5Cupie<l by coal-measures in thr 
Transvaal. On the other hand, it would appear that the diminution 
in thickness and the gcneral abbreviation of the series of rocks notice- 
able when sections from Cape Coïony and Natal are compared with 
those of the Central Transvaal, results at Vereeniging in an exceptional 
thinning out of the beds normally present below th(í coal, which so 
comes to lie more or less closely upon the Glacial Conglomerate. In a 
small spruit, about 400 yards north of the pumping station at Vereenig- 
ing, and 70 yards from the Vaal River, the following section is exposed 
in descending order: — 

Yellowish sandstones and grit 

Small pebble conglomerate 

Dark shale — grey at top ... 

Black coaly shale ... 

Dark grey carbonaceous shale 

Black coaly shale ... 

Dark grey carbonaceous shalc 

Conglomerate of small pebbles and frag- 
ments 

Yellowish mudstone 

Glacial Conglomeratc, ycllowish clayey 
matrix, many angular chert frag- 
ments. 
The coaly shales seen in this outcrop very probably represent the 
horizon of the Vereeniging seam, especially as a very similar section 
occurs on the bank of the Vaal, close to the pumping station, where from 
5 to 6 feet of coal worked by the Kaffirs occupies an exactly equivalent 
position. In the section given above, the coal does not lie directly upon 
the Glacial Conglomerate as at the Vereeniging Mine, but is separated 
from it by shales, mudstone, and bcdded conglomerate in a very similar 
way to the Witbank Seams, although here the series is much abbreviated. 
The section shows, however, clear evidence of a certain amount of 
denudation of the Glacial Conglomerate before the laying down 
of the coal-seam, and the small pebble conglomerate above 
the coals, which is very similar in character to that above the coal-seams 
at the mine, is distincfly of a sediraentary character. In describing 
the Douglas Conglomerates, the writer drew attention to the probability 
of a similar origin for the conglomerates above the coal at Vereeniging.** 
Mr. Harger,** in discussing Dr. Corstorphine's paper on the *' Age of 
the Central South African Coal Fields," expressed the same opinion of 
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« Geological Survey Report. 1903, p. 24. 

^ Trans, Geol. Sor, S.A.^ vol. viL ; Minutes of Procetd'mgs Gtol. Sfjr. S.A.^ lltli 
July, 1904. 
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the Vereeniging Conglomerate, and Mr. T. N. Leslie — than whom no 
one perhaps has made a closer study of thc Vereeniging locality — holds 
the same víew. 

Specimens of the small pebble couglomerate from the mine at 
Vereeniging show the same characteristics as the secondary conglomerates 
of the Witbank district. 

With such deriyed conglomerates are probably also comparable the 
beds of breccia occurring in the Modderfontein borehole/* which are 
very similar in character to some of the coarser portions of the grits 
associated with the coal-seams of the Witbank district. It is noteworthy 
that the borehole in passing through these breccias intersected no 
boulders, such as áre almost always present in sections of true Glacial 
Conglomerate. 

The point upon which special stress is laid by Dunn,^' as proving 
that the growth of the coal directly succeeded the deposition of the 
Glacial Couglomerate, is that at the coal mine at Verecniging the coal- 
seam lies directly upon the conglomerate. This condition is, however, 
by no means general. It is not the case in the section from Vereeniging 
given above. Mr. Dunn mentions that in eight out of twenty boreholes 
examined by him, from 1 to 19 feet of black shale occurred between the 
coal and the conglomerate, and that in a borehole sunk by Mr. A. H. 
Sawyer, sandstone, shale and dolerite to a thickness of over 100 feet 
intervened, and he further remarks '' this negative fact has no weight 
against the positive evidence at Vereenigiug." But raany would bc 
disposed to regard the Vereeniging evidencc as being itself of a negative 
character, and to look upon the 100 feet of shales, sandstones, and 
dolerite in Mr. Sawyer's borehole as very positive evidence indeed of 
the lapse of a considerable period of time between the laying down of 
the Glacial Conglomerates and the formation of the coal-seam, and this 
more especially as in other districts such conditions are found generally 
prevalent. 

In a borehole put down immediately north of Brugspruit Station 
(B.H. No. 1, Schoongesicht) no less than 139 feet of grits and sandstones 
are recorded between the lowest coal-seam and the Glacial Conglomerate. 
Twenty miles nearer Springs on Vlakvarkfontein (101) 56 feet of fine 
sandstones and shales underlie the lowest coal. In the survey of thc 
Witbank Coal Field no instance was met with of a cdal-seam directly 
succeeding the Glacial Conglomerate in any mine or borehole. 

There is, however, abundant evidence in many localities in the 
Witbank area of a continual overlapping of the higher over the lower 
beds, and this renders it possible that here, as at Vereeniging, the coal- 
seams may in places come to lie directly on the Glacial Conglomerate, 
but it is by no means evidence that the growth of the coal followed 
directly on glacial conditions. On thc other hand, the overlap so fre- 
quently met with, makes it very probable that if any part of the Karroo 
sequence is missing in the Central Transvaal, it is much more likely to 
be the Ecca thau the Beaufort Beds. 



*!F. H. Hatch, Trafu^. Geol. Soc. S.A., vol. vii., 1904, p. «1. 
«**The Dwyka Coal-Meaftnres ut Vereeiiií^iiif^," Tinns. S.A. Phil. StýC.j vol. xi., 
p. 69, 1900. 
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If the direct succession of the ooal on the Glacial Conglomerate at 
Vereeniging indicatod the absence of a brcak in time between the forma- 
tion of the two, and particularly if the conglomerate above the coal 
indicated an inter-glacial origin for the latter, we might reasonably 
expect that the lowest coal-seams of Natal would sometimes be found 
closc above the Dwyka Conglomerate, and that some evidence of an 
inter-glacial origin might be detected there also. 

Anderson, however, states** that ** so far as our knowledge goes 
Iherc is no instance of coal occurring either in Natal or Zululand so 
low down in the series as at Vereeniging,*' and again,** *' in the Ecca 
Series of Natal and Zululand the plant and coal-bearing beds occur in 
the upper portion of the series at a considerable distance above thc 
Ecca (Dwyka) Conglomerate," and I have found no record from Natal 
or Cape Colony of signs of glacial action subsequent to the formation of 
any of the coal-seams. In the fine sections of the Karroo Formation 
cxposed on the hill slopes in the Vryheid district, I found 600 to 700 
feet of strata betweeu the lowest coals and the Glacial Conglomerate, 
but no evidence of glacial conditions prevailing at any time during 
tlieir deposition was to be seen, either in these beds or those above the 
coal-seams. 

Although a miuor point, mention may be made of the fact that 
as far as lithological characters and the general successiou of various 
types of sedimentation in the Karroo System are conccrncd there is 
much to be said in favour of the Beaufort correlation. In all the 
descriptions given of the Beaufort Beds in Cape Colony, promincnce is 
given to the sandstones, whose massive character and false-bedded 
structure is usually remarked upon. In the Vryheid district the 
characters of the coal-bearing beds strongly resemble those given for the 
Beaufort Beds of Cape Colony, and the same is very true of the Transvaal 
Coal-Measures. The correlation of the Vryheid and Zululand coal- 
bearing Series with the Ecca Series leads in Natal to the correlation 
with tho Beaufort Beds of a series **chiefly shales"** — a description 
which scarcely agrees with the generally accepted idea of the Beaufort 
types. 

Until recently it was considered that the Stormberg Series did not 
occur in the Transvaal. It is, however, very probable that that series 
is represented in part by the sandstones of the Springbok Flats, which 
were found near Pienaars River Station to overlie the coal-measures,*^ 
and which have recently been found by Mr. H. Kynaston to have similar 
relationships in the western portion of the same area, while similar 
sandstones occupv a corresponding position in the Komati Poort Coal 
Field." 

If this correlation is correct, that of the coal-measures with the 
Beaufort Beds, rather than with any lower horizon in the Karroo 
System, receives further support. 



** Ist Annual Reixjrt Geological Survey of Natal, p. 5.3. 

«2nd Annual Report Geological Suney of NataÍ, p. 54. 

^ 2nd Annual Report Geologlcal Survey of Natal, p. 53. 

« E. T. Mellor, Geological Survey Report, 1904, p. 33. 

« H. Kynaston, "The Geology of the Konmti Poort Coal-field," 1906, pp. 35-36. 
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A summary of the evidcnce bearing iipon the question of the 
correlation of the Transvaal Coal-Measures shows, therefore, that the 
important question of the position of this series in the general Earroo 
sequence in South Africa cannot be said to be definitely settled. Up to 
the present time, however, the evidence available appears to be strongly 
in favour of a correlatlon of the coal-measures of the Transvaal with 
the Beaufort, rather than with the Ecca horizon. 
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Un the Geology of the Bluff Boke, Dukban, Natal 
(Itead lOth September, 1906). 

By William Anderson. 



A bore of some considerable geological importance and local in- 
terest has lately becn sunk on the seaward aspect of the Bluff, Durban, 
about a mile to the south of its extreme northern end. The object of 
the bore was to ascertain the presence or absence of payable coal, in a 
small outlier of Ecca Shales, in the vicinity of the Port of Natal. The 
result from this point of view was unsuccessful. 

The general geology of the neighbourhood of Durban has been 
described by me in £he Second Report of the Geological Survey of 
Natal and Zululand, pp. 107-117; there is therefore no necessity to 
go into details heru. Beneath the business part of Durban and under 
the bay, a small outlicr of Ëcca Shales occurs, and it was in this 
basin only that there was the most remote possibility of the occurrence 
of coal. The lower Ecca Shales, which outcrop at Jonsson's Bore 
on thê west side of the bay, near Congella, dip slightly towards 
the sea, and they are present under the Bluff and out to sea. 
This Ecca outlier is bounded, on the landward side, from the mouth 
of the Umgeni liiver, by the Ecca Glacial Conglomerate (Dwyka) of 
the Berea liidge, from the southern end of which the boundary of the 
basin is formed by the outcrops of the Table Mountain. Sandstones of 
the Clairmont Estate. Evtdences of the presence of these sandstones 
as heá rock also occur in the alluvial deposits of the flats around 
Jacob's Railway Station, on the western £Íde of the Bluff Peninsula, a 
few miles from the sea coast. The extent of this outlier of Ecca Shales 
is therefore very limited to landward. That portion of shales exposed 
near Congella, on the western side of the bay, belongs to tho Lower 
Eccas, which rest on the Glacial Conglomerate of the Berea Bidge. 
In all the coalfíelds of Natal and Zululand payable coal-seams are 
only present in the Upper Ecca Series or in the Lower Beaufort Beds. 
The line of division between these two series is quite, as yet, an 
arbitrary one. It therefore follows that, if coal occurred under the 
J31uff, thc Upper Ecca Series must, at least, come into the section. If 
it had done so, it would have been struck immediately after passing 
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througli the Cretaceous rocks, which were met with in the bore. This 
was not thc case, and the result has been that the boring through the 
Ecca Scries has been entirely in the Lower Eccas. I have no doubt that 
had the bore been proceeded with the Ecca Glacial Conglomerate would 
have been struck at no great depth below the point at which the bore 
was stopped, namely, 1,786 feqt. 

The surface rock forming the Bluff is an exceedingly coarse cal- 
careous sandstone, showing intense false-bedding. A good section is 
exposed at the northcrn end of the Bluff, where a cliff of this rock is 
exposed. In this locality, but below the level of high water, lower beds 
are exposed, which are locally know^n as the **cave rock," owing to 
thc presence of a sea-worn cavc or hollow excavated through the out- 
crop. The " cave rock *' and the rock of the cliff seem almost to show 
an unconformity between them, but I think that this appearance is 
more probably due to excessive false-bedding. In places, these rocks 
are fossiliferous, but the fossils are in such a brokeu condition that they 
are not identifiable. Eventually, specimens will probably be obtained 
in a sufficiently good state of preservation to indicate the exact age 
of these deposits, but, at present, we can only say, from the strati- 
graphical evidence, that they belong eithcr to the Tertiary or 
Pleistocene period. From their thickness in the Iwre (over 300 f.eet) 
they are more likely to belong to the former. 

I givc below a generalised section, as exhibitcd by the core, which 
was measurcd as 1,786 feet: — 



Rection from the Bluff to the Berka. 



Ska Lrml 




1 \ Fiu^Uct^i-ncc^^J 






-/'ltA //lriv»vt<itw ^'«''tCM^Íj í)vLf4. 
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Superficial calcareous saiulstones of tlie 
(fosailiferous) 

Cretnceous sandstones (fossiliferous) 

Ecca shales 

Intrusive basaltic sill 

Ecca coarse sandstone 

Ecca sandstones with thin igneous sills 

Intrusive basaltic siU 

Ecca fine shales 

Intrusive basaltic sill 

Ecca black shales 

Ecca sandstones and shales 

Intrusive basaltic siU 

Ecca sandstones and shales 

Ecca white fine-grained sandstones 



Blufï^ 



Feet. 


Feet. 


— 


785 


785 


211 


996 


21 


1017 


59 


1076 


54 


1130 


70 


1250 


100 


1350 


50 


1360 


10 


1590 


230 


1644 


54 


1757 


113 


1786 


29 



There is a distinct unconformity between the Cretaceous Beds and 
the Ecca Series below. So far we liave no evidence as to the relation 
between tlie Cretaceous and the overlying sandstones of the Bluff, 
although in tho core they seem to be conformable, but there is pro- 
bably a slight unconformity. 

As tlie bore was started at a very slight «elevation above the high- 
water mark, it wiU be seen that the Cretaceous rocks were passed 
through at a depth of nearly 800 feet below high-water raark, thus 
leaving 1,000 feet of Ecca shales and sandstones, with intrusive basalts, 
to the bottom of the bore. It is quite evident from the general 
character of these beds that they I>elong to the Lower Ecca Series, and 
not to the Upper Coal-bearing Series. 

The occurrence in this bore of rocks of Cretaceous age containing 
marine fossils is of considerable local geological interest. Theoriginal 
locality from which Gretaceous rocks were first described from South 
Africa (in 1855) was from the coast of Pondoland, five miles south of 
the mouth of the Umtamvoona River, and from thc Natal coast between 
the mouths of the Umpcnyati and Umhlengeni Rivers, about ten miles 
north of the Umtamvoona River mouth. Until the present discovery 
at the Blufí, Durban, no rocks of Cretaceous age were known to occur 
on the coast of Natal further north than tho Umhlengeni River. The 
most southerly occurrence on the coast of Zululand is near the mouth 
of the Umhlatuzi River, where thefr presence has been proved by boring 
a little to the north of the Umhlatuzi Lagoon, under ninety feet of 
Recent and Pleistocene sands. From this point northwards they occupy 
almost the entire littoral area of Zululand, which in Tongaland is 
fifty miles wide, from the sea coast to the base of the Lebombo Moun- 
tains. There is a narrow belt of varying width on the immediate 
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coast line, whích is occupied by outcrops of Tertiary rocks. Over thia 
large area th« Cretaceous Series frequently outcrops at the surface, 
through the Recent and Pleistocene sands, even as far as the base of 
the Lebombo Range, where the conglomeratic character of these fossili- 
ferous beds shows the old Cretaceous shore line. The outcrops are in 
almost all cases fossiliferous, and some of them are exceedingly so. 
This discovory of a Cretaceous outíier at the Port of Durban forms a 
connecting link Uetween thc already known occurrences to the south, 
on the coast of Natal, and to the north, on the coast of Zululand. In 
both the latter localities, the beds outcrop at the present surface, 
showing that on those portions of the coast elevation has taken place 
since the deposition of the Cretaceous rocks. In northern Zululand this 
elevation has been considerable, but at the Umtamvoona and Umpenyati 
Rivers, on the southern coast of Natal, it has not been nearly so 
great, as the Cretaceous rocks are exposed between tide marks. As 
shown by the presence of rocks of Tertiary age overlying the 
Cretaceous formation on the Zululand coast, eLevatiou must have 
continued in Post-Tertiary times. It may, however, have been 
gradual from the early Tertiaries, as it has been dnring Post-Tertiary 
times. The presence of Rome 300 feet of Cretaceous l^eds in the Bluff 
bore, to the depth of nearly 800 feet below high-water mark, seems to 
indicate that, at least on this part of the coast, the elevating move- 
ment had not béen so great as in either of the other localities, or else 
that there may have been a subsequent more recent subsidence. 

There are distinct evidences in the presence of Lowjer Cretaceous 
beds at Uitenhage, on the coast of Cape Colony, of the raising of the 
southern and eastern coasts of the South African Continent, after the 
general elevation of Jurassic times. There is furthler evidence in the 
presence of marine Tertiaries on the coasts of Natal, Zululand, and the 
south-west coast of Madagascar. The elevation of these Cretaceous and 
Tertiary rocks probably took place during Tertiary and Post-Tertiary 
times, and tliey now form, particularly on the littoral of Zululand and 
Madagascar, immense tracts of plain-like coastal lands covered with 
Recent and Pleistocene sands. Further to the north, on the coast 
opposite the island of Zanzibar, Thomson* remarks: ** The raised 
beaches at Dares-Salam consist of coral rock and consolidated frag- 
ments, overlaid by brick-red sands and clays, derived from the meta- 
morphic rocks of the coast range. In tlie upheaval of the coast there 
has Ix?en a pause, and two, if not three, beaches result.** 

Since this general elevation, howevor, we stiU have evidences on 
the Natal coast of more reccnt subsidence, particularly in the central 
portion of our coast — that is, to the north and south of Port Natal. 
One particular instance will suffice. At Port Shepstone, to the south 
of Durban, a lioro was lately put down in tlie bed of the Umzimkulu 
River, at the point where the new railway bridge will cross, about three- 
quarters of a mile up the river from its point of exit into the ocean. 
This bore passed through clays and silts to a depth of over 140 feet 

* J. Thonison, **To the Central African I^akes and Back," 1881; vol. i., p. 75; 
vol. ii., p. 300. 
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below low-water mark without reaching rock. In this posítion the 
valley is of no great width, with precipitous slopes, on which outcrops 
of Ecca shales aud diabase are exposed, and nearer the mouth of the 
riv.er, glacial Ecca conglomerate (Dwyka). It ïh impossiblc that this 
deep channel could havje been excavated out of Ecca shales, diabase 
and glacial conglomerate at its present depth below low-water mark. 
To result from the ordinary processes of river erosion, the rocky bed 
of the channel must hnve been much nearer thge surface or sea level. 
I think there can be little doubt that this was so during the period of 
its erosion, and that subsequently it was submerged to its present 
position by the general lowering of this part of the coast line. A 
similar phenomenon occurs in the lower reaches of the Umgeni River, 
immediately to the north of Durban, where, at the bridge, the bed of 
the rocky chnnnel is at a considierable depth below low-water level. 
Similar occurrences take place in many of the rivers on the east coast 
of Australia, where there is no doubt whatever that these phenomena 
have been caused by the subsidjence of the coast line. There, distinct 
evidences exist, in the presence out at sea of the old coast line, where 
the soundings suddenly go from comparatively shallow waters to great 
depths, and in the presence of an extensive fault line, passing in a 
northerly and southerly direction along the eastern slope of the Alps, 
within a short distance of the coast. This faulting has been proved to 
have taken place during Tertiary times, and the sinking of the coast 
line is supposed to have been caused by it. 

In any case, I think, there is no doubt that this non-raising of 
the Cretaceous Series to the present surface at Durban, or the subse- 
quent sinking of it, together with the prescnce of the calcareous sand- 
stones of the Bluff, had a great deal to do with the formation of the 
present harbour. Both the Upper Cretaceous Series and the Lower 
Eccas, on which they rest, consist chiefly of soft marls and shales, the 
Ecca shales being certainly harder than the former, but in either case 
equally susoeptible to erosion, while the calcareous sandstones of the 
BÍuff Peninsula have exercised a protecting influence, both against the 
denuding action of the sea and the weather. The probability is that 
ihe presence of the unconformity between the Cretaceous formation, Bluff 
sandstcnes and the Ecca shales, lent itself as the primary physico- 
geological factor to the formation of the harbour. In the first instance, 
the shallow valley, which now forms the harbour, between the Berea 
and the Bluff Peninsula, must have been denuded as a land valley 
along thÍ8 line of unconformity, by the rivers which now flow into the 
harbour, the Umbilo and the Umhlalazana. This must have gone on 
until such time as the general level of this valley became relatively 
much lower than the sea-level, with the result as we find it now, that 
it has l^ecome a tidal estuary, forming an admirable harbour even 
for vessels of large draught. This sinking of what is now the harbour 
is quite likely due to the same cause which lowered the beds of the 
Umgeni, Umzimkulu, and other rivers on this coast, but the exact 
period at which this took place is as yet undeterminable. 

The fossils found in the core were not sufficiently well preserved 
to enable of such identification as would lead to a probable correlation 
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with any of the other known members of the Cretaceous system which 
are présent on this coast. In the 300 feet of Cretaceous rocks bored 
throiigh, fossiliferous layers occurred rarely, but fragments of many 
Cephalopoda were frequent in tliem. From these specimens, the beds 
sc*em to belong to sonie portion of the Upper Cretaceous, but the evid- 
ence is not sufficient to enable one to statc definitely whether they 
can ]ye correlated with that part of the system on the south coast or 
with those Cretaceous beds exposed on the Zululand coast, which are 
higher in the system. 

(yofe. — Since this paper was placed before the Society, I have 
received the information that the Syndicate has continued the bore to a 
total depth of over 2,100 feet ; but particulars of the strata comprising 
the last 300 feet are not available.) 



Digitized by 



Google 



GEOLOaY OP NEIGHBOUBHOOD OF ROBERTS VICTOR DUMOND MINE. 117 



The Geology of the Neighbourhood of the Roberts 
ViCTOR DiAMOND MiNE (Read 15th October, 1906). 



By J. P. Johnson. 



The Roberts Victor mine is situated on the farm Damplaats, in 
the Boshof Division. The adjoining country consists of bare undulat- 
ing veld, dotted with innumerable pans. 



KARROO STSTEM. 

The whole area is underlain hy a bluish-black shale, which changes 
near the surface into a tough yellowish-brown clay. This shale, when 
freshly brought up from shafts and exposed to the heat of the sun, com- 
pletely breaks up into minute fragments. In sinking water shafts 
several hard bands were encountered. I have a thin section of this 
rock, which under the microscope is seen to be made up mainly of 
quartz, muscovite, carbonaceous matter and pyrites. 

A hard septarian nodule with a smooth lustrous exterior was also 
found in sinking these shafts. The clay contains lenticular masses of 
concentrically banded ironstone in some abundance, and veins of trans- 
parent gypsum are not uncommon in it. At a shaft situated just 
outside the northern boundary of the mining area numerous oyster- 
shaped geodes of calcite covered with dendrites of manganese dioxide 
also occur in this clay. The shale, which belongs to the Ecca Series, is 
intersected by numerous dykes. They are all of the same kind, and 
consist of a bluish-grey, very fine-grained, almost aphanitic rock, some- 
times containing occasional phenocrysts of olivine, which weathers at 
the surface into spherofdal masses. The adjacent shales are frequently 
sharply tilted, and have acquired a flagpy structure. Sometimes these dykes 
outcrop prominently; at other times they form the bottom of pans, but 
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more usually they have no direct influence on the topography. They 
can, however, frequently be traced by the presence on the surface of 
small pieces of rock. Quitc a large number of the prospecting shafts 
that have been sunk in this neighbourhood have encountered such dykes. 
I have thin sections from the kopje south-west of the mining area, from 
an outcrop in the bottom of the big pan by the Damplaats farm house, 
and from a shaft in the mining area. Microscopically, they are 
beautifully fresh ophitic olivine dolerites, the first mentioned being 
distinguished from the others by the fact that almost all the augite 
grains in it are twinned. 



PRE-EARROO ROCKS. 

There is a small outcrop of wHat looks very much like Old Granite, 
probably a pre-Karroo hill, within the area dealt with in this paper. 
This was pointed out to me by Mr. Draper during an exceedingly inter- 
esting geological expedition which I made, together with him and Mr. 
Nash. It is a particularly interesting exposure, and deserves a more 
careful examination than I was able to make. It is situated at the junc- 
tion of the eastern boundary of the farm Meerlandsvlei with the south- 
western boundary of Boesmansfonteín. The section is a very small one, 
and fehows a much decomposed coarse-grained granite containing in 
abundance inclusions of foreign rocks. These comprise an externally 
greenish shale-like rock, fine-grained saccharoidal quartzites, like the 
Orange Grove quartzites, quartzites with a sago-like grain similar in 
texture to the Hospital Hill quartzites and coarse angular-grained 
quartzites; also coarse-graiued quartzites containing small rounded 
pebbles, such as those termed '* bastards " by the Witwatersrand miners. 
Mr. Draper tells me he also found a piece of quartz-feldspar-porphyry, 
like that about to be mentioned, in it. Outcropping all around, and 
apparently in situ, are shale-like rocks and quartzites, like those found 
as fragments in the granite, also an interesting quartz-feldspar- 
porphyry. The granite would therefore appear to be intrusive in these 
rocks. 

The boulders occurring in the Roberts Victor pipe afford another 
interesting insight into the underground geology of the district. The 
great majority of the boulders are of the local Ecca shale, which also 
occurs in large irregular shaped fragments and masses (** float "). Next 
in order of abundance are small well-rounded and smoothed boulders 
and pebbles of a peculiar feldspar-porphyry. The only other boulders 
occurring in any quantity are the eklogites and Iherzolites so charac- 
teristic of diamondiferous pipes. 

Attention has been drawn by Mr. Melvill (Proceedings, p. xlviii.) 
to the beautiful cyanite-garnet rock peculiar to this mine. It graduates 
on the one hand into a rock consisting solely of cyanite in a light-grey 
(plagioclase, according to Prof. Beck) matrix ; and on the other, into 
the ordinary rock made up entircly of garnets in a green, presumably 
diopside, ground-mass. 
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Aniong the other boiiklers, the microscopic features of which are 
described below by Prof. Young, are what 1 take to be representatives 
of the Old Granite Formation, and of the Vaal River and Potchefstroom 
Systems. 

The Old Granite is well, though not abundantly, represented by 
gneiss and grey granite and its allies. The Vaal River System is 
indicated, I think, by the feldspar-porphyry. Though megascopically 
dissimilar to any outerop of the lavas of that age that I have seen, it is 
closely allied mineralogically to the Klipriversberg porphyrite, the great 
abundance of the phenocrysts (the ground-mass is subordinate) being 
the chief point of difference. Sectíons 520 and 521 may also belong to 
this series. 

A coarse-grained arkose is not unconmion in the mine. It 
evidently belongs to the basal (Black Reef) quartzites of the Campbell 
Rand Series. 

I also found a boulder of conglomerate consisting of quartz pebbles 
in a dark-coloured matrix, in which large flesh-red feldspars are con- 
spicuous. It may be Dwyka conglomerate. 

The garnet-bearing rocks referred to above are the most interesting, 
but require to be moro closely studied, especially from the petrological 
point of view. It is noteworthy that, generally speaking, the garnets 
in the eklogites are a clouded red with a brownish tinge, while those 
from the Iherzolites are clear with a bluísh tint. These last are 
usually surrounded with a zone of kelyphite. The garnets in the cyanite 
eklogite are usually light brown. These rocks form the largest boulders 
in the minc, ranging from half-a-foot to two feet in diameter. 



PBTROLOGICAL NOTES BT R. B. YOUNG. 

Professor Young has very kindly supplied me with the following 
petrological notes on a collection of chips from various boulders which 
1 sent him: — 

Five of the boulders are granitic, and may represent variations in 
the same mass (granitite). These are numbered 503, 504, 507, 517 and 
518. Numbers 503 and 518 aro Hght grey in colour, the former being 
the coarser-grained of the two. Number 504 is coloured a light green 
through the presence of a large amount of epidote in the rock. Numbers 
507 and 517 are rendered darker in colour by chlorite. The latter of 
these is somewhat gneissose in structure, and is further distinguished 
from tho others by the presence of muscovite, which, however, may be 
of secondary origin. The minerals present in all of these rocks are 
orthoclase, microcline, an acid plagioelase feldspar and quartz. Brown 
biotite is present in all, except number 504. It is frequently wholly or 
partially altered to chlorite. Occasionally a little hornblende can be 
detected. Small apatite crystals are generally present. 

The feldspars are sometimes quite fresh, but at other times they 
are more or less altered to kaolin. The quartz is always present in 
considerable quantity, and occurs mostly as coarse or fine mosaics. This 
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mineral is evidently in great part of secondary origin, and is in course 
of replacing the feldspars. Small grains of feldspar occur throughout 
some portions of the quartz mosaics. A grouud mass is thus produced, 
resembling that of some granite porphyries. In nuniber 504 the altera- 
tion has gone further, and a large amount of epidote is present in coarse 
and fine grained aggregates. 

Some portions of the slices examined approach very closely in 
appearance to an arkose in which secondary silicification has occurred. 

Number 523 is an arkose. The feldspars are abundant, and are 
much decomposed. Of these the plagioclase feldspar is the most con- 
spicuous and the least altered. The quartz occurs in grains, and is 
sometimes intergrown with feldspar. Much of it is evidently of 
secondary origin. Biotite flakes altered to chlorite, and occasionally 
bent, are also to be observed. 

Number 505 is a moderately coarse-grained hornblende syenite. 
In hand specimens the hornblende is black and the feldspar grey, 
with a slightly pinkish tint. Microscopically examined, the feldspar 
is seen to be mostly orthoclase, which is allotriomorphic and much 
altercd to kaolin. A little plagioclase feldspar, apparently oligoclase, 
is present. The hornblende is very peculiar. It is fairly coarse and 
hypidiomorphic. The colour is green, but is not uniform, the 
majority of the grains having in parts a bleached appearance. 
These portions are nearly colourless, and when examined between 
crossed nicols, the loss of colour is seen to be accompanied by a rise in the 
order of tho interferenco colours. In this respect the hornblende is 
similar to that of the hornblende picrite from Anglesey, described by 
Bonney (see Q.J.G.S., vol. xxxix., p. 254, and Teall, '* British Petro- 
graphy," plate vi.). Brown biotite, which is always dirty with included 
brown iron oxides, is also present, and appears to have resulted from 
an alteration of hornblende. Apatite in fairly large grains is common. 

Numbers 510, 519, 520 and 521 are volcanic rocks, judging from 
the structures they possess. Of these, numbers 510 and 520 are much 
decomposed, and are thus difficult to determine. Number 521 is a 
very interesting rock. It appears to be an andesite. Hand specimens 
show phenocrysts of grey feldspar lying in a grey green compact ground 
mass. On microscopic examination, the phenocrysts are seen to be 
plagioclase feldspar, probably andesine. The ground mass is glassy, 
and full of small skeletal crystals of feldspar. Many of the feldspar 
phenocrysts consist of a graphic intergrowth of feldspar and glass, or 
material similar to the ground mass surrounding the crystals. 
Scattered throughout the ground mass, and especially in the more glassy 
patches, as well as in tho glass intergrown with the phenocrysts, are 
small boat-like doubly-rqfracting microlites. There also occur numerous 
spherulites of a brownish red mineral, which possesses a very high 
relief. Chlorite occurs throughout the ground mass. 

The feldspar phenocrysts of this rock seem to be almost identical 
in structure with those of the augite andesite of Tokayer Bahnhof, 
Hungary (see Rosenbusch, '* Micr. Phys.," pl. xxiv., fig. 3). 

Number 519 is an amygdaloidal andesite. In hand specimens it is 
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a íine-grained grey-green rock, containing quartz amygdules. Micro- 
scopically examined, the rock is seen to be in most part composed of 
lath-shaped plagioclase feldspars, more or lcss decomposed. Two genera- 
tions of crystals can be discerned, but they do not differ greatly in size. 
The structure is trachytic. No determinable ferro-maguesian mineral 
can be seen. Chlorite is common. The amygdules are mainly composed 
of a quartz mosaic or of chalcedony, and have concentric or radiate 
structure. 

Numbers 509 and 511 are decomposed peridotites. They are mainly 
composed of serpentinous, chloritic, calcitic and ferruginous material, 
retaining the outlines of the original olivine and pyroxenes, as well 
as traces of thc cleavage planes. In number 509, fairly fresh crystals 
of a light green pyroxcuc (diopside?) are present. In the fragment of 
number 511, from which the slice was cut, a crystal of ilmenite and a 
few pink garnets can be seen.^ 

Number 508 is in an advanced stage of decomposition, and its 
original character is difficult to determine. The most conspicuous 
mineral is a pink garnet in large irregular grains, which are corroded 
along the borders and some of the cleavage cracks. The grains are 
surrounded by a thin brown fibrous kelyphitic border, composed of 
hornblende. Outside this is a zone containing small crystals of plagio- 
clase feldspar, grains of black iron ore, flakes of brown biotite, and 
small grains of anotber undetermined mineral. Beyond this zone 
are *' shadows " of some coarse-grained mineral, which is almost entirely 
decomposed to cryptocrystalline matter.' 

Number 522 is a fine-grained feldspathic sandstone. It is dark 
grey in colour. Under the microscope, it is seen to be made up of 
angular fragments of quartz, orthoclase, microcline and plagioclase 
feldspar, along with abundant flakes of brown biotite and some colourless 
muscovite. The orthoclase is generally clouded with kaolin, while the 
other feldspars aro beautifully fresh. The biotite is always more or less 
altered to chlorite and ferric oxide. These minerals are imbedded in a 
fine matrix, apparently of the same materials. 



POST-KARROO DEPOSITS. 

Except on the top of the few kopjes and in the bottom of pans, the 
whole district is covered with a layer of rubbly limestone of recent forma- 
tion, like that which is sprcad so widely over Griqualand West' and other 
parts of South Africa. It is seldom more than a few feet in thickness. 
Wherever exposed in section it is seen to send a network of roots down into 
the underlying clay. I believe it to have originated in the evaporation of 
lime-bearing water, the lime being derived from the dykes. It is very 
f riable, but contains externally smooth nodules of hard limestone, like that 
about to be described, but unfossiliferous. Between the southern boundary 



* and ' Tlie Iherzolitea and eklogites respectively of South African writers. 
» R. B. Young, ** Calcareou» Rocks of Griqualand West," Trana, Geol, Soc, S. 
Africa, 1906, vol. ix., p. 64. 
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of the Roberts Victor luining area and the big bult on the western pro- 

longation of same there are layers of massive limestone. In one shaft 

five distinct layers, capped by a band of the ordinary rubbly limestone, 

are exposed, the whole aggregating 17 feet in thickness. It is very hard, 

breaks with a marked conchoidal fracture, and is full of the shells of the 

gastropods Succiiiea and Jaminea, It is a true travertine, and must 

have been deposited by springs, though there are none there, or at least ^ 

none reaching the surface, at the present time. 

The limestone is overlaid by an equally widespread deposit of reddish- 
brown sand of Aeolian origin. As a rule it is kept well in hand by the thin 
covering of grass, but in some places it is still free to move about. On 
top of the big bult and between that point and the pan the ground 
presents all the peculiar features of sand dune topography. There, with the 
Kurrounding country hidden from view by the encircling sand hills, one is 
forcibly reminded of the borders of the Ealahari. The sand contains 
fragments of silicified wood in some abundance, and yields occasional stone 
implements. 

Although underlying the sand I believo the limestone to be, for the 
most part at least, the newer deposit, and to be in process of formation at 
the present day. Neither formation occurs in the pans, which always 
rest directly on the solid rock. 



PANS. 



The pans vary from a few feet to several thousand feet in diameter. 
The former are mere patchcs of mud, which never retain more than a film 
of water on their pitted surfaccs, and that only directly after rain. 
The latter are usually deeply sunk below the general level of tho immedi- 
ately surrounding ground, and are capable of holding large quantities 
of water. The rainfall, however, within the memory of the oldest 
inhabitants, has only on rare occasions been sufficient to fill them to a 
depth of even two or three feet, and this quantity is absorbed and 
evaporated in a few months. They possess the peculiar features of 
having perfectly flat and level bottoms. There is no gradual slope to a 
central point or points, as in ponds and lakes. They are mostly e^ig- 
shaped in outline — this being the primary form. Circular pans are 
due to the coalescence of two ordinary pans side-by-side, whiíe dumb- 
bell-shaped pans are the result of the joining together of two end-to-end. 
The very large pans are mostly irregular in outline, but an accurate 
plan will always reveal thcir elements. 

All these pans aro intimately connected with dykes. They often 
occur in strings by the sides of dykes. I have come to the conclusion 
that they all occupy the sites of springs, the springs consisting of under- 
ground water that has been damined back by the dykes. These springs 
seldom reach the surface at the present day, but I consider the pans to 
be evidence that they dicl so formerly during a period of more abundant 
rainfall — of the existence of which the shell-bearing travertine is another 
witness. Near the Tweelingsfontein farm-house there is a spring, which 
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reaches to within a foot or two of the surface. It is sitiiated on the 
edge of a large pan, at its junction with a dyke. Again, midway 
between the uorthern boundary of the mining area and the northern 
boundary of the farm, a good supply of water is obtained in shafts 
under exactly similar conditions, namely, at the side of a dyke which 
skirts a portion of the edge of a pan. This spring rises to within 
sixteen feet of the surface. 

Water is a very serious problem in this district, and on account 
of the economic importance of these deductions, if correct, I brought 
them before the Society at the July meeting in the hope of eliciting 
the views of others who may have studied this question. At 
the same time I expressed my conviction of their correctness. 
Since then, a borehole sunk in accordance with the conditions (though 
not the best) enumerated above encountered water on reaching 
the concealed dyke. Ttis I consider to be a confirmation of my views. 
I am convinced that intelligent boring in the neighbourhood of the 
larger pans would reveal many such hidden sources of water. 

The bottoms of the pans are covered with a thin layer of black silt, 
containing a residuum of salt. This silt consists of a mixture of the 
prevalent clay with a little lime and sand. Along the edges of the pans 
it is largely of the nature of rainwash, and covers up quite fresh and 
sharp stone implements, and occasional shells of the Succinea, The last is a 
mollusc that requires a large amount of moisture for its existence, and 
I do not think it could survive the long droughts of recent years. I 
have not succeeded in finding any fiving examples in the neighbourhood. 

Much weathered aphanite flakes occur in all the pans. They are 
particularly abundant in the big pans by the Tweelingsfontein and 
Damplaats homesteads. 

Close by the spring at Tweelingsfontein the silt in the bottom of the 
pan has been scraped up to form a dam wall. There, numerous un- 
weathered flakes and cores have been exposed. Many of them have been 
trimmed into scrapers. Together with these I found a very neat little 
lanceolate spear-head of Magdalenian type worked on both sides. 

On the south side of the west end of the Damplaats house pan, at a 
spot where the bottom had been stripped of silt, I came across a similar 
series of implements. Most of them are as sharp and fresh as on the 
day they were made. 

They belong to an interesting assemblage which I describéd from 
the junction of the Riet and Modder Rivers, and from other localities, 
in a paper read at the Kimberley meeting of the S.A.A.A.S. They are 
also made of the same peculiar grey aphanite. The dominant form, 
however, is different from that of either. 

An interesting find was made at the Tweelingsfontein spring. A 
shallow well had been sunk on this at somo time or other, and the 
excavated clay and shale thrown up in a heap all round. In enlarging 
this well a cavity was met with, in the made ground, resting on the 
undisturbed clay which occurred at a depth of five feet. In this cavity 
were found three ostrich eggshells. Two of thcm were broken, but the 
remaining one, which I secured, was fairly intact, a small piece only 
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having been knocked off by the point of a pick. The end was per- 
forated to allow of its being used as a water bottle. Immediately on 
hearing of the discovery, I visited the spot, but the ground rouiid the 
cavity had been removed, and the remains of the other eggshells dis- 
persed. There was a certain amount of ash among the excavated debris, 
as well as part of the skuU and some broken bones of the ox. I also 
obtained a grindstone, the half of a perforated ball, and a tabular 
piece of stone with a groove worked in it. Judging from Stow*s account 
of that primitive peoplc, the objects look like part of a Bushman's 
outfit. 
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On a Fossil Forest recently exposed in the Bed of 
THE Vaal River at Vereeniging (Read 19th November, 
1906). 

By E. T. Mellor and T. N. Leslie 

(Ck)inmanicated by perniission of the Acting Comniissioner of Mines). 
[Plates XXIV., XXV., XXVI.] 



Since no other formation in the Transvaal has yielded any 
undoubted fossils, a special interest attaches to those of the coal-measures 
and associated strata. But although the Karroo System is rich in 
vegetable remains, which are sufficiently abundant to give rise to those 
thick seams of coal which form so valuable a portion of the mineral 
wealth of the country, our collections of fossils from these rocks are 
still very small, and our knowledge of the flora of the coal-measures 
correspondingly incomplete. Fortunately for the miner and for the 
consumer of coal, but unfortunateJy for the geologist and palaeonto- 
logist, Transvaal coals are in most instances so readily accessible and 
so easily got that little mining work is done outside the seams them- 
selves, and consequently opportunities of investigating the contents of 
the sandstones and shales associated with the coal-seams, and which are 
the most likely source of good specimens, are comparatively rare. 

Welcome assistance in the work of unravelling the geological history 
of the country comes, however, occasionally from quite unexpected 
sources, as when in the instance presently described a river like the Vaal 
dissects out from its enclosing matrix of shales and lays bare for 
examination a wide stretch of fossil forest, such as enables one to form a 
very clear picture of the conditions under which some of our coal-seams 
originated. 

The coals worked at Vereeniging lie at a comparatively 'small depth 
below the surface, and occasionally the seams crop out on the banks of 
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the river, aiid when the river is low are exposed in its bed. About 
one and a half miles below the railway bridge, and a quarter of a mile 
below Viljoen's Drift, a broad anticlinal fold brings a coal-seam to the 
surface in the bed of the Vaal. Usually the river completely covers the 
coal, but in October last owing to the exceptionally small quantity of 
water passing dowu the stream, the upper surface of the coal was 
uncovered over an area of upwards of two acres extending along the 
Transvaal side of the river. (See Plate XXIV.) The surface of the seam 
thus exposed is thickly covered with the casts of roots and stumps stiU 
occupving their original positions, as well as the prostrate stems of the 
trees which, with their predecessors, produced the material out of which 
the underlying coal-seam was formed. 

The casts, moulded in the internal hollows of the roots and stems 
they represent, consist of fine brick-red, muddy, and sandy material 
hardened and cemented by abundant red oxide of iron, derived pro- 
bably from an original deposit of iron-pyrites, which is also abundant 
in the coal immediately below. When first exposed, the material of the 
casts was fairly hard and coherent, but complete saturation with water 
followed by some days' exposure to the sun caused it in most cases to 
fall into innumerable fragments. The casts were originally covered by 
an outer euvelope of coaly material representing the tissues of the bark 
and cortex of the original roots and stems, the wood having probably 
completely rotted away before the infiUing of the stems and roots took 
place. This outer coaly layer has been almost completely removed from 
the exposed surfaces of the casts by the action of the river, but is still 
present on their under sides. The casts of individual stems are of 
considerable size; many reach a length of 40 or 50 feet without showing 
much diminution in thickness, so that when complete they probably 
attained a length of 80 to 100 feet. Such flattened casts are as much 
as 2 feet 6 inches in breadth, and about 4 or 5 inches in thickness. 
Allowing, therefore, for the flattening, the diameter of the inner cavity 
of these stems must have been not less than 18 inches, and allowing a 
thickness of 3 iuches of cortex and bark the external diameter of the 
stems must have been about 2 feet. The diameter of the casts at the butt of 
the stems ranges from 1 to 2 feet. The stem casts occasionally show an 
indefinite longitudinal furrowing, and slight constrictions occur in 
them, but not at any regular or definite intervals. The stems are very 
straight, and branches are rare in the portions preserved. In several 
cases one end of a stem lies in close connection with one of the groups 
of roots, and evidently represents the trunk belonging to that particular 
stump. 

The casts of stumps and roots are very numerous over the exposed 
area. Their general appearance is well seen in the photograph in plate. 
They are placed at intervals of about 10 to 15 yards, but are often set 
more closely together, as in the case of the two represented on Plate 
XXV. The finer extremities of the roots are not preserved, but there 
is no doubt that they penetrated the underlying decaying vegetable 
matter, which ultimately became coal. The space covered by the casts 
of the roots of a single tree is from 10 to 12 feet in diameter, the 
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original roots extending much furtter. Like the stem casts, those of 
the roots are flattened ; they show only very indefínite markings. In the 
case of large roots, they taper from almost 1 foot in width at the junction 
with the butt of the tree to 2 or 3 inches at the extremities. 

In the specimen seen in Plate XXV. a curious deprcssion in the 
form of a cross is seen in the centre of tho root cast on the right, the 
arms of the cross corresponding with the intervals between main roots. 
Somewhat similar depressions, not necessarily four rayed, and not 
usually so well defined, occur in several other specimens. 

As far as could be seen the stems and roots were all of the same 
kind of tree. It is noticeable that the branching of the roots is not 
dichotomous as in Siigmaria. (See Plate XXVI.) Nor were any mark- 
ings suggcstive of Stigmaria seen, although impressions of Lepidoden- 
droid stems are nunierous in the sandstones a few feet higher in the coal- 
measures series of the locality. The general characters shown by th'e 
casts of the stems and roots exposed in the river bed, considered together 
with the frequent occurrenco of leaves of N(rggeraihioi)sis in the saiid- 
stones both below and above the coal-seams, make it probable that the 
fossil stems and roots are those of Nteggerathiopm', if so, that genus 
would appear to have been the predominant tree form at the time of 
formation of this particular seam. 

The beds immediately succeeding the coal-seam upon which the 
fossil trees are seated consist of laminated clayey and sandy shales, and 
it was in these beds that the stems and roots were enclosed. Conditions 
favourable to vegetable growth prevailing sufficiently long to produce 
the underlying seams of coal appear to have been followed by a gradual 
subsidence which first swamped the standing forest, and afterwards sub- 
jected it to successive incursions of sand and mud, which filled and 
surrounded the stems and stumps already hollow and rotten. Perhaps 
uo agency could have accomplished the task of cleaning and exposing 
to view these fossil trees so well as a river like the Vaal, whose ample 
but not too violent current wjw sufficiently strong to extricate these 
relics of a bygone flora from their cnclosing matrix of shales, without 
being violent enough to bring about their destruction in times of flood 
by sweeping over them masses of drift. 

It would be hard to say how long it has taken the river to develop 
this interesting picture which brings so vividly before us a long 
vanished forest scene of the time of the laying down of our coal- 
measures. It is a matter of regret to us that the results of the work 
were not longer exposed to view, so that a more extended search could 
have been made for finer details of structure than were evident in any 
of the specimens examined. On the occasion of our visit a violent storm 
brought our observations to an early close, and on the following morning 
this interesting and unique exposure was again hidden under several 
feet of water. This portion of the river bed has not been known to be 
exposed before, and it may be some years before it is again open to 
examination. Moreover, their short exposure to view has had rather 
disastrous results on many of the specimens. After outlasting the 
vicissitudes of whole geological periods, and successfully withstanding 
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the laborious cleaning process to which the river has more recently 
subjected them, many of the casts fell into a thousand fragments when 
the water-logged mudstone-like material of which they are composed was 
exposed for a day or two to rapid drying in the hot sun, so that only 
the more resistant specimens remain for any future exposure. 

It is a noteworthy point that the fossil trees were rooted directly 
into the underlying coal, the coaly cnvelope of the root casts being in 
contact with the coal of the seam without the interposition of anything 
of the nature of an underclay, and it ís further to be noted that they 
occur in what, in a mine, would be the roof of the coal. The seam is 
probably identical with the upper of two seams worked at Vereeniging. 
Impressions of large stems of trees are numerous in the roof of this 
seam, which is probably formed by the same series of shales as that which 
contains the stems and roots exposed in the river bed. Root casts have, 
however, never been noticed, and when we consider that they are slightly 
oblique to the bedding of the coal, that the butt of the stem crosses the 
bedding, and that the whole structure would not be very striking when 
unearthed piecemeal from below, it is not surprising that they have 
escaped observation. 

Owing to the large percentage oï ash in Transvaal coals, the opinion 
is very widely held that they are largely of drift origin. The ash 
percentage can, however, be sufficiently account^d for by the occurrence 
of occasional incursions of muddy water into the area of the future 
coal-scam. The writers have both long held the opinion that in many 
cases the coals are formed of material which grew mainly on the site of 
the present seams.^ 

Perhaps the most interesting point in connection with the fossil 
forest here described is the avbsolute proof it affords of the origin in situ 
of much of the material which went to form the coal-seams of 
Vereeniging. 

EXPLANATION OF PLATES. 

Plate XXIV. — Bed of the Vaal Ríver near Vereeniging, showing fossil 
trees lying on the upper surface of a coal-seam; dump 
of Central Colliery in distance. 

Plate XXV. — Two casts of the stumps and roots of fossil trees. 

Plate XXVI. — Portion of a cast of a root showing the character of the 
branching. The outer layer of coaly material which 
covers the cast can be seen in places. 

' For a discussion on this question see E. T. Mellor, ** The Geolopry of the Trans- 
vaal Coal-Measures," Geological Survey Memoir, No. 3, Pretoria (1906). 
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PLATE XXIV. 





(xENËRAL VlEW OF FOSSIL FOREST,— DUMP OF CENTRAL COLLÍERV 
IN DISTANCE. 
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PLATE XXV. 
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PLATE XXV L 




PoRTíON OF A Cast of a Root showing the Character of the Branching.— The Outer Layer 
OF COALY Material which covers the Cast can be seen in places. 
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